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ABSTRACT 
 
The Effect of an Extinction Procedure on Level of Responding to Visual Stimuli in an Evaluative 
Conditioning Procedure 
by 
Allison Hirsch 
 
Advisor: Nancy S. Hemmes 
 
Evaluative conditioning is a type of learning that results in the acquisition of likes and dislikes in 
humans. The procedure that produces evaluative learning is similar to that of Pavlovian 
conditioning. A consistent observation is that evaluative conditioned responses are less sensitive 
to extinction procedures than would be expected given the Pavlovian-type conditioning 
procedure used for acquisition. The present study sought to determine what the effect of an 
extinction condition was on the level of responding to visual conditioned stimuli in a visual-
gustatory evaluative conditioning paradigm. Two dependent measures were used: an explicit 
measure, and a choice-based preference measure. The explicit rating scale, which measures 
preference and is administered prior to acquisition and post-extinction, is the measure typically 
used in the assessment of evaluative conditioned responding. Because conclusions regarding 
evidence of extinction in a pre-acquisition, post-extinction measure may be complicated by 
design of the measurement procedures used, the explicit rating scale was administered on a trial-
by-trial basis during all parts of the procedure (pre-acquisition, acquisition, extinction, post-
extinction). This was done in order to continuously assess evidence of extinction effects. A 
 v 
choice-based preference measure where participants choose how much they preferred one 
conditioned stimulus as compared to the other was used as a secondary measure prior to 
acquisition, on a trial-by-trial basis during the acquisition and extinction procedures, and after 
extinction. This study is a systematic replication of the work described by Lipp, Oughton, and 
LeLievre (2003, Experiment 2) and an extension of the measure described by Field (2006, 
Experiment 1), and contributes to the literature through methodological extension. Evidence of 
evaluative extinction was found with both measures (rating scale, preference scale) supporting a 
conclusion regarding the effects of experimental parameters on conditioned responding. 
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The Effect of an Extinction Procedure on Level of Responding to Visual Stimuli in an Evaluative 
Conditioning Procedure 
Evaluative conditioned responses are established in a similar manner to Pavlovian 
conditioned responses: through repeated paired presentations of a neutral conditioned stimulus 
(CS) with an unconditioned stimulus (US) that has a pre-established affective value. As a result 
of the pairings, the CS comes to elicit an affective response that is similar to that elicited by the 
US. The evaluative conditioned effect can be established with unconditioned stimuli that are 
either positive or negative in valence, eliciting positive or negative affective responses. Empirical 
findings have suggested that the evaluative conditioned effect is consistently difficult to fully 
extinguish when the CS is presented without the US under extinction procedures. This finding is 
notable given that the same has not been consistently observed within the Pavlovian conditioning 
literature when the CS is presented without the US under extinction procedures (although see 
Williams, 1994 for evidence of differing rates of Pavlovian extinction resulting from the 
manipulation of temporal parameters relating to the US; and Lattal & Lattal, 2012 for a 
discussion of how context change discernibility affects changes in conditioned responding from 
acquisition to extinction in both Pavlovian and operant paradigms). Most authors have found that 
conditioned evaluative responding is either fully resistant to extinction procedures, or that there 
is a gradual, small weakening of conditioned responding during extinction procedures (e.g., 
Baeyens, Crombez, Van den Bergh, & Eelen, 1988; Hofmann, De Houwer, Perugini, Baeyens, & 
Crombez, 2010). These findings will be discussed in the text below. 
Studies Showing No Evidence of Extinction 
Data presented by Baeyens et al. (1988) suggested that evaluative conditioned responses 
do not extinguish, with evidence of conditioned responding maintaining after an extinction 
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procedure. Visually presented CSs and USs were used in a within-subjects design evaluating the 
effect of an extinction procedure on evaluative responding. Rating scales functioned as the 
dependent measure and were administered in pre-acquisition, post-acquisition, and post-
extinction tests. Differential ratings of CSs paired with liked versus disliked USs showed that 
post-acquisition rating changes were maintained when measured post-extinction (although not at 
the same level, as indicated by the figure presented by Baeyens et al., 1988). This overall lack of 
change in responding from post-acquisition to post-extinction was supported statistically by the 
absence of a Valence x Moment of Measurement interaction comparing responding post-
acquisition to post-extinction (and the presence of a Valence x Moment of Measurement 
interaction comparing responding pre-acquisition to post-acquisition, confirming acquisition 
occurred). No difference in ratings to any CSs were found when comparing responding post-
acquisition to post-extinction.  Given this, Baeyens et al. (1988) concluded that evaluative 
responses were resistant to extinction procedures.  
 Field (2006, Experiment 1) also found that learned evaluative responses did not 
extinguish when using a visual evaluative conditioning procedure where images of neutral 
cartoon characters (CS) were paired with images of liked and disliked foods (US) during 
acquisition for each participant in the experimental group in a between-subjects design. The 
control group was presented with unpaired CSs and USs during acquisition to rule out non-
associative explanations for changes in preference, such as an effect of mere exposure. A two-
alternative choice dependent measure was administered to measure preference in pre-acquisition, 
post-acquisition, and post-extinction tests. This measure consisted of the simultaneous 
presentation of two visual stimuli that were taken from an array consisting of the two CSs and 
four filler stimuli; participants were required to select the stimulus they preferred. Field (2006, 
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Experiment 1) found that differences from pre-acquisition to post-acquisition evaluative 
responding to CSs paired with positive or negative visual imagery were maintained after 10 
extinction trials (per CS type) for the experimental group only (evidence was not found 
suggesting acquisition or extinction occurred in the control group). Analyses on changes in 
responding from pre-acquisition to post-extinction for each CS type were not presented. While 
no statistical evidence of a difference in responding during extinction as compared with 
acquisition was presented, the figure provided by Field (2006, Experiment 1) suggested that 
responses to the CS paired with the negative US were less negative post-extinction as compared 
to post-acquisition, as will be discussed in greater detail, below. 
Díaz, Ruiz, and Baeyens (2005, Experiment 2) also found that evaluative responses 
acquired under evaluative conditioning procedures did not extinguish. Visual CSs were paired 
with visually presented liked and disliked nouns (US) during an acquisition procedure. Ratings 
were measured in pre-acquisition, post-acquisition, and post-extinction tests. An implicit 
measure (explained below) was administered post-extinction only. When analyzing changes in 
responding at the moment of post-acquisition as compared to the moment of post-extinction, 
Díaz et al. (2005, Experiment 2) found that evaluative responses (ratings) were resistant to 
extinction procedures. The authors posited this as evidence that evaluative conditioned responses 
are resistant to extinction procedures because they are acquired by a type of learning known as 
referential learning. It has been suggested that referential learning does not support the learning 
of predictive relations, but instead merely occurs with contiguity between stimuli. As per Díaz et 
al. (2005), referential learning occurs during trials where the CS and the US co-occur, and not 
when they do not co-occur, leading to no new learning during extinction trials (as opposed to 
signal learning, which has been suggested to occur when a contingent relationship is learned and 
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is sensitive to extinction procedures). The lack of an effect of extinction on acquired responding 
was observed for both an explicit rating-scale measure and an implicit priming reaction-time 
measure known as the affective priming paradigm (APP; developed by Fazio, Sanbonmatsu, 
Powell, & Kardes, 1986). The APP consists of the sequential presentation of pairs of stimuli, 
where the first stimulus is the CS and the second is either affectively congruent or incongruent 
with the CS. Participants are instructed to evaluate the affective valence of the second stimulus 
(positive, negative). Reaction times are shorter when the first and second stimuli are affectively 
congruent and longer when they are incongruent.  
Similar to Díaz et al. (2005, Experiment 2), Engelhard, Leer, Lange, and Olatunji (2014, 
Experiment 1) failed to find an evaluative conditioned extinction effect when using an explicit 
rating scale and an implicit APP dependent measure. A between-subjects design was used where 
all participants first completed an acquisition procedure and then half the participants completed 
an extinction procedure while the other half completed a filler task. During acquisition visual 
CSs were paired with visual USs in a differential conditioning acquisition procedure where the 
CS+ was paired with negative visual stimuli and the CS- was paired with neutral visual stimuli. 
Ratings were measured two times during the experiment, during the pre-acquisition time period 
and during the post-extinction/post-filler task time period; no measure of acquisition was 
conducted. The APP was administered post-extinction/post-filler only. Rating responses to the 
CS+ were more negative and CS- responses were more positive at post-test as compared to pre-
test for both groups; this observation was supported by a significant CS Type x Time interaction.  
No group differences in rating scale responding to the CSs were found either, suggesting that 
extinction did not occur. Findings from the APP also failed to support an explanation of 
extinction. The conclusions drawn by Engelhard et al. (2014, Experiment 1) that evaluative 
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conditioned responses were not sensitive to extinction procedures mirror those from Díaz et al. 
(2005, Experiment 2) and are similar to Field (2006, Experiment 1), and Baeyens et al. (1988). 
Potential Contribution of Measurement Design in Studies Showing Persistence of 
Evaluative Conditioning Following Extinction Procedures  
Conclusions from the four studies discussed above, which suggested that evaluative 
learning does not extinguish, may have been compromised by the measurement design used in 
those studies. In each case, the experimenters relied on a dependent measure that was 
administered only during pre-acquisition, post-acquisition, and post-extinction periods, or pre-
acquisition and post-extinction periods, rather than throughout the acquisition and extinction 
procedures. Because measurements of responding were not taken on a continuous basis, trial-by-
trial changes in conditioned responding are unknown, limiting conclusions that can be drawn 
about effects of the conditioning and extinction procedures. Preservation of conditioned 
responding post-extinction does not rule out the possibility of a weakened response, however. 
This is supported by the figure Field (2006) presented for Experiment 1 suggesting an increase in 
preference from post-conditioning to post-extinction for the CS paired with the disliked food 
item. Although statistical analysis did not reveal this change to be significant, trial-by-trial data 
displaying the effect of the extinction procedure on conditioned responding would have enabled 
a more careful analysis of the effect that an extinction procedure has on conditioned responding.  
Unlike in Pavlovian conditioning, where measurement of changes in responding typically 
is continuous, the normative form of measurement used in evaluative conditioning procedures is 
punctate, with the measurement of conditioned responding occurring as discrete points during 
the procedures. This strategy does not reveal whether conditioned responding changes during the 
course of conditioning and extinction procedures, nor does it reveal directionality of changes. 
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Authors have concluded that evaluative and Pavlovian conditioning are two different forms due 
to differences in conditioned responding under or following extinction procedures. However, if 
responding during the procedure is not measured during acquisition and extinction trials, as is 
the case with evaluative conditioning, little can be concluded regarding differences between 
evaluative and Pavlovian conditioning.  
Studies Showing Evidence of Extinction 
Studies Showing Weak Evidence of Extinction  
When evaluative conditioned response data are obtained periodically throughout the 
acquisition and extinction procedures, evaluative conditioned responding appears to be less 
resistant to the effects of extinction than previously asserted. This is likely due to the greater 
number of measurement opportunities functioning as a stronger assay of conditioning, and not a 
change in the presence or absence of phenomenology as a result of differing numbers of 
measurement opportunities. For example, Bolders, Band, and Stallen (2012, Experiment 2) found 
that evaluative conditioned responses established during acquisition, partially extinguished 
during the extinction procedure. CS valence was measured with a 9-point rating scale first during 
pre-acquisition, then twice during acquisition, and then four times during extinction. Bolders et 
al. (2012) used a differential conditioning procedure where auditory CSs were paired with 
visually presented words with positive, negative, or neutral affective valence (the USs). At the 
end of the extinction procedure, Bolders et al. (2012) found evidence of extinction, with no 
differences found in ratings for CSs paired with negative words versus CS paired with neutral 
words; nor differences for CSs paired with positive words and CSs paired with neutral words. 
However, a Moment of Measurement x Valence interaction comparing acquisition to extinction 
responding was not found, but was found when pre-acquisition responding was compared to that 
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of acquisition, suggesting no effect of the extinction procedure. Further differences were found at 
the end of extinction, when responses to CSs paired with negative words were compared to 
responses to CSs paired with positive words, suggesting conditioned responding had not 
extinguished. 
The mixed extinction findings of Bolders et al. (2012) are consistent with those of 
Blechert, Michael, Williams, Purkis, and Wilhelm (2008), who also found that evaluative learned 
responses partially extinguished when using a dependent measure administered during each of 
five successive experimental phases: pre-habituation, habituation, acquisition, extinction, and 
post-extinction. Blechert et al. (2008) evaluated whether referential and signal learning differed 
from one another in their sensitivity to extinction procedures. In order to parse this, Blechert et 
al. (2008) measured changes in evaluative responding to the CS using a rating scale (referential) 
and skin conductance responses (signal). A differential conditioning paradigm where CS+ trials 
involved CS–US pairings and CS- trials involved presentation of the CS alone, was used with 
visual CSs and an aversive electrocutaneous US. A between-subjects design with two groups was 
used. Participants in both groups rated each CS during the pre-habituation phase. Following the 
pre-habituation phase ratings, participants in one of the two groups rated each CS during several 
trials of the habituation, acquisition, and extinction phases, while participants in the other group 
completed the habituation, acquisition, and extinction phases without the accompanying rating 
measurement. Then participants in both of the two groups rated each CS during the post-
extinction phase. The between-subjects design was used to rule out any effect measurements 
occurring during the habituation, acquisition, and extinction phases may have had on responding; 
no such effects were found. Blechert et al. (2008) found evidence of extinction of skin 
conductance responding, suggesting that signal learning extinguished. When the researchers 
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analyzed the referential rating-scale data for the group that completed ratings during habituation, 
acquisition, and extinction, differential responding to the CS+ and the CS- emerged during 
acquisition and was maintained during extinction, suggesting no effect of the extinction 
procedure. However, owing to measurement problems that will be described later, these 
conclusions may require further consideration.  
Kerkhof, Goesaert et al. (2009) used visual CSs (pictures of cookies) and an 
electrocutaneous US in a differential conditioning paradigm and found weak extinction findings 
when evaluating conditioned responses during acquisition and extinction. Using an implicit 
reaction time measure similar to the APP during acquisition and extinction trials, they found 
evidence of partial extinction, with differences in reaction times between congruent and 
incongruent stimulus pairs to be larger during acquisition, as compared to extinction (although 
this difference was not statistically significant). They found mixed results when analyzing 
differences in reaction times for congruent and incongruent stimulus pairs across extinction 
trials, providing evidence both for and against extinction effects. Response latencies during the 
first half of extinction were not significantly different (p = .054), suggesting extinction of the 
learned response, but were significantly different during the second half of extinction, suggesting 
maintenance of the learned response (p < .05). Although less compelling than the findings of 
Bolders et al. (2012) and Blechert et al. (2008), Kerkhof, Goesaert et al.’s (2009) findings do 
suggest that evaluative conditioned responses are sensitive to extinction procedures.  
Studies Showing Strong Evidence of Extinction 
Evidence has been found suggesting that evaluative conditioning effects can be 
extinguished fully during extinction procedures but reappear during post-extinction 
measurement. Lipp et al. (2003, Experiment 2) used an electronic-rating-scale measure that was 
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completed on a trial-by-trial basis during pre-acquisition, acquisition, extinction, and post-
extinction phases. Using a discrimination paradigm involving an electrocutaneous US and visual 
CSs, where CS+ trials consisted of CS–US pairings and CS- trials were presentations of the CS 
alone, they found that CS+ pleasantness ratings decreased during acquisition and increased 
during extinction trials. This was confirmed statistically with significant differences in 
pleasantness ratings between CS+ and CS- present in the second half of acquisition and the first 
half of extinction, but not the second half of extinction. Visual analysis of the figure presented by 
Lipp et al. (2003, Experiment 2) suggests that CS- ratings became less pleasant across extinction 
trials; however, this was not supported statistically. Analyses also revealed that there were no 
differences in ratings for CS+ and CS- during the last two extinction trials, suggesting an 
extinction effect. When analyzing for pre-acquisition/post-extinction differences, the pre-
acquisition–to–post-extinction electronic rating measures indicated that the CS+ was rated as 
significantly less pleasant on post-extinction, as compared to pre-acquisition tests, which 
suggests a post-extinction spontaneous recovery effect. However, significant differences were 
not found for either CS+ or CS-, when comparing responding at the end of extinction to that of 
post-extinction suggesting spontaneous recovery did not occur. There was no change in 
pleasantness ratings for the CS- from pre-acquisition to post-extinction.  
Gawronski and Mitchell (2014, Experiment 2) also found evidence of evaluative 
extinction. In order to determine whether the conditioned valence properties and the conditioned 
arousal properties of CSs differed in their sensitivity to extinction procedures Gawronski and 
Mitchell (2014, Experiment 2) used a between-subjects design. For all participants, acquisition 
consisted of a visual-visual conditioning paradigm using neutral visual CSs and positive and 
negative visual USs. This was followed by the completion of two rating scales, one which 
 10
measured CS valence and one which measured CS arousal. After that, half of the participants 
underwent an extinction procedure consisting of unpaired CS presentations, while the other half 
was presented with additional CS-US conditioning trials.  Upon completion all participants 
completed the valence and arousal rating scales a second time. The results indicated that there 
were differences between the two groups in evaluative responding to the CSs. Participants who 
did not complete the extinction procedure showed no difference in their CS evaluative ratings 
when comparing ratings from post-acquisition to post-additional CS-US trials. Those who 
completed the extinction procedure provided post-extinction ratings that were less positive to the 
good CS and less negative to the bad CS than those ratings they provided post-acquisition 
procedure. This was supported by a significant Valence x Time interaction for the group that 
received extinction, only, suggesting that evaluative conditioned responses are sensitive to 
extinction procedures (the arousal ratings were not sensitive to the extinction procedure).  
In summary, the studies reviewed in this section are consistent with the data of a meta-
analysis conducted by Hofmann et al. (2010), showing that evaluative conditioned responses are 
sensitive to extinction procedures, although response magnitude appears to diminish more slowly 
than those conditioned responses associated with (non-evaluative) Pavlovian conditioning.   
Identifying the Appropriate Assay for Evaluative Conditioning 
 Another complication in interpreting effects of extinction on evaluative conditioning is 
related to the index of conditioning used by some investigators. Extinction of Pavlovian 
conditioning is typically defined as a decrease in responding to a conditioned stimulus from a 
previously higher level to a lower level, as a result of the removal of a previously delivered 
unconditioned stimulus (Lattal & Lattal, 2012). This definition implies measurement of 
responding across trials in the presence of a given CS. Nonetheless, a number of studies on 
 11
extinction of evaluative conditioning did not report changes in responding to the CS itself, 
reporting instead differential responding between a CS and one or more other stimuli that were 
treated differently from the CS during an acquisition procedure. For example, Bolders et al. 
(2012) broadly reported effects of extinction as the presence or absence of a valence by moment 
of measurement interaction and whether differential responding to the CSs was present at the end 
of extinction. They did not present individual data for level of responding for each CS type, 
across time from baseline, through acquisition and extinction. Thus, it is unknown exactly how 
conditioned responding for each CS type changed across time as a function of the extinction 
procedure. Lipp et al. (2003, Experiment 2) also assessed effects of extinction in terms of 
differential responding to the two CSs. For both of these studies, the conclusions drawn from 
effects observed on differential responding do not directly inform the investigation of extinction. 
 A portion of Blechert et al.’s (2012) conclusions are also compromised by the analysis 
used to produce them. They concluded that evaluative conditioned responding was resistant to 
extinction procedures when differential responding to the CS- and the CS+ was measured across 
different phases of the experiment (pre-habituation, habituation, acquisition, extinction, and post-
extinction). The graph presented by Blechert et al. (2012), however, suggested a decrease in 
unpleasantness to approximate pre-habituation levels for the CS+ across extinction trials, while 
the pleasantness ratings of the CS- increased across extinction trials. This increase in 
pleasantness ratings to the CS- across extinction trials maintained the differential responding 
observed during extinction and allowed for the conclusion of maintenance of evaluative 
conditioned responding under extinction procedures. This conclusion is inappropriate to draw, 
however, as extinction is not defined as the maintenance of differential responding due to 
changes in responding to the CS-. Blechert et al. (2008) also analyzed the pre-habituation and 
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post-extinction ratings for all participants in addition to the differential responding analysis 
completed for the group that had rated each CS during several trials of the habituation, 
acquisition, and extinction phases. When conducting this analysis, they correctly looked at 
changes in responding within each CS type, and found no difference in pre-habituation versus 
post-extinction ratings for CS+, suggesting that extinction of learned responding occurred. It 
must be noted though that they did not analyze pre-habituation versus acquisition data making 
conclusions regarding pre-habituation versus post-extinction responding tentative (although the 
graph provided supports an explanation of acquisition followed by extinction of the CS+). 
 Analysis of responding to CS+s and CS-s individually is important; absence of these data 
limits the conclusions that can be drawn regarding the effect of extinction procedures on 
evaluative conditioned responding (as was discussed with Blechert et al., 2008). In spite of the 
importance of analyzing by CS type, however, such analysis is not always done. When Kerkhof, 
Goesaert et al. (2009) presented the results of their data analysis from the implicit reaction time 
measure, they did not provide differences in reaction times for congruent and incongruent pairs 
based on CS type. Rather they presented an analysis of overall differences in reaction times for 
congruent versus incongruent stimulus pairs. Given this, it is unknown whether changes in 
responding during acquisition and extinction were due to learning involving the CS+, the CS-, or 
both. This is important as evidence of acquisition and extinction are dependent on changes in 
responding to the CS+.  
Identifying the Appropriate Experimental Design for Evaluative Conditioning 
 The experimental design that is used may also limit conclusions regarding the 
effectiveness of evaluative conditioning extinction procedures. Gawronski, Gast, and De Houwer 
(2015) conducted a series of experiments which involved the investigation of evaluative 
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extinction, only the first two experiments will be discussed here.  Both experiments used a 
differential visual-visual evaluative conditioning paradigm with images of shapes serving as CSs 
and positive and negative images serving as USs. In order to determine whether simultaneous or 
sequential CS-US pairings and whether single or multiple USs played a role in acquisition and 
extinction outcomes, these factors were manipulated in a between-subjects design. During the 
first experiment data on conditioned responding were collected using a rating scale at post-
acquisition and post-extinction time points, for all participants, treating time of measurement as a 
within-subjects factor. Evidence supporting the sensitivity of evaluative conditioned responding 
to extinction procedures was found.  This was demonstrated by a significant valence (positive vs. 
negative) by moment of measurement (post-acquisition vs. post-extinction) interaction for all 
CS-US pair types (sequential, simultaneous, single, multiple).  
Experiment 2 had the same basic procedure and presentation of stimuli as experiment 1, 
though an implicit priming measure was introduced for use along with the rating scale, and a 
between-subjects design for the measurement of extinction at post-acquisition and post-
extinction tests was also introduced. In this experiment half of the participants completed both 
the rating-scale and the priming measure during a post-acquisition test period, only; the other 
half of participants completed the measures during a post-extinction test period, only. There were 
no participants who completed both the post-acquisition and post-extinction measures. 
Gawronski et al. (2015) did not find evidence of evaluative conditioned response extinction for 
either measure, despite the use of the same materials and same basic conditioning procedure as 
Experiment 1. The authors suggested that extinction failed to occur because evaluative 
conditioned extinction is dependent on cognitive processes related to sequential judgment 
opportunities. The between-subjects design prevented the opportunity for sequential judgments, 
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thus preventing the opportunity for response extinction according to Gawronski et al. (2015). 
This argument is difficult to evaluate from a behavioral orientation though because treating time 
of measurement as a between-subject factor makes it difficult to draw any conclusions about why 
extinction failed to occur. This is because no data were collected that demonstrated how 
responses differed (or failed to differ) from previous responses as a direct result of the 
implementation of the extinction procedure.  
Reconciliation of the Literature through Methodological Extension 
The discrepancy in the literature regarding sensitivity of evaluative conditioned 
responding to extinction procedures may be attributable at least in part to the methodological 
variability observed across studies. In comparison to basic research in Pavlovian conditioning, 
the parameters of evaluative conditioning procedures vary markedly among published studies. 
As reviewed above, the following procedural variables likely contribute to the evaluative 
conditioning extinction phenomenon: (a) the points where data for the dependent measure(s) are 
collected during the procedure—pre-acquisition, acquisition, extinction, and post-extinction; (b) 
the measure of conditioning that is presented—data where responses elicited by one CS are 
compared to other responses elicited by the same CS, or data where responses elicited by one CS 
are compared to those same responses elicited by another CS. As reviewed above, Lipp et al. 
(2003, Experiment 2) suggested that, analogous to typical Pavlovian conditioning procedures, 
evaluation of acquisition and extinction of conditioned responding should be based on a series of 
repeated measurements that are separated by brief intervals throughout the entire experimental 
procedure—pre-acquisition, acquisition, extinction, and post-extinction. In addition to obtaining 
multiple points of measurement, I have argued that effects of conditioning procedures should be 
assessed for changes in responding in the presence of each CS type rather than merely presented 
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as the maintenance of differential responding in the presence of two CS types. 
Pilot research from our lab, in which conditioned responses to two CS types were 
evaluated on a trial-by-trial basis, and analysis examined changes in responding within each CS 
type indicated that learned evaluative responding to CSs is sensitive to extinction procedures. We 
conducted a systematic replication of the procedure (but not the analysis) of Lipp et al. (2003, 
Experiment 2), where conditioned responding to each CS was measured via rating scale on a 
trial-by-trial basis during pre-acquisition, acquisition, extinction, and post-extinction. Visual-
gustatory stimulus pairings were used in the form of computer-presented images of geometric 
shapes (CSs) and good and bad tasting cookies (USs), where the good-tasting cookies were 
flavored with hazelnut powder, and the bad-tasting cookies were flavored with Tween20 
(polysorbate 20; Polyoxyethylene sorbitan monolaurate), a bitter-tasting food additive. During 
pre-acquisition, participants completed the rating scales for each CS type. Following that phase, 
acquisition training, consisting of 12 trials with each trial containing one CS–US pairing, 
occurred. For half of the trials, a good CS–US pairing was presented, while for the other half of 
the trials a bad CS–US pairing was presented. At the beginning of each acquisition trial, 
participants rated the CS prior to presentation of the CS–US pairing. Following the acquisition 
phase, extinction was programmed. During the 12 extinction trials, the rating-scale procedure 
used at the beginning of each acquisition trial remained in place. Following the presentation of 
the rating scale, an unpaired presentation of the CS occurred. This occurred for all 12 extinction 
trials (6 good and 6 bad). Upon the completion of the extinction trials, the post-extinction ratings 
occurred. Each CS type was rated using the rating scale that had been used throughout the 
previous parts of the experiment. Figure 1 provides a graph of the pilot results that displays mean 
ratings of each CS as a function of trial for each part of the procedure (pre-acquisition, 
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acquisition, extinction, post-extinction). The ordinate displays rating-scale values from the rating 
scale, and the abscissa displays trial numbers. Mean ratings of the good CS during the evaluative 
conditioning acquisition and extinction procedures are represented by closed squares; mean 
ratings of the bad CS during the evaluative conditioning acquisition and extinction procedures 
are represented by closed circles. Mean ratings of the good CS during pre-acquisition and post-
extinction are represented by open squares, while mean ratings of the bad CS during pre-
acquisition and post-extinction are represented by open circles. The function break between trials 
six and seven represents the transition from the acquisition procedure to the extinction procedure. 
Visual analysis of the graph indicates that the ratings provided during the first acquisition 
trial were consistent with those given during the pre-acquisition trials. This is likely due to the 
first acquisition trial rating opportunity occurring prior to the CS–US pairing. However, after 
participants experienced the CS–US pairings, we observed differential responding to the bad CS 
and the good CS. Beginning at the second acquisition trial and continuing to the last acquisition 
trial, a steady decrease in ratings occurred for the bad CS, while a slow rise to an asymptote 
occurred for the good CS. This impression was supported by a Trial (1–6) x Valence (good CS, 
bad CS) interaction during acquisition; see Appendix A for the complete statistical analysis. 
During extinction (trials 7–12), the graph displays the maintenance of response differentiation 
for the two CS types (good, bad), established during acquisition. Although response 
differentiation for the good and bad CSs was maintained across extinction, there was an apparent 
trend toward more positive CS ratings for the bad CS during extinction and an apparent trend 
toward less positive CS ratings for the good CS during extinction. These trends were supported 
by a Trial (1–6) x Valence (good CS, bad CS) interaction for the responding during extinction, 
suggesting that extinction occurred (see Appendix A for the complete statistical analysis). These 
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findings are consistent with the literature suggesting that evaluative conditioned responses do 
extinguish. As experimental parameters within the area of evaluative conditioning research often 
vary, our pilot extinction findings, which resulted from the Lipp et al. (2003, Experiment 2) 
systematic replication, are notable. They support an argument for the role of experimental 
parameters in the mixed evidence of evaluative conditioning extinction found in the literature 
and justify the need for further research. 
An objective of the present research was to assess the generality of the observations 
indicating that evaluative responses are sensitive to extinction. Given that there is already a large 
amount of procedural variability within the field of evaluative conditioning which complicates 
analysis, an appropriate rationale for further research into evaluative conditioning extinction 
effects was to continue to systematically replicate parameters of previous research. Using this 
rationale, the work of Lipp et al. (2003, Experiment 2) was systematically replicated to 
investigate the effects of extinction procedures on evaluative learned responses. The present 
study provided additional assessment of the trial-by-trial explicit measure used by Lipp et al. 
(2003, Experiment 2), which suggested that evaluative learned responses acquired with a 
conditioning procedure that uses stimuli that stimulate different sense modalities (e.g., visual, 
gustatory) are sensitive to extinction procedures. 
 In addition to the systematic replication of the work of Lipp et al. (2003, Experiment 2), 
an extension of the work of Field (2006, Experiment 1) was conducted. A choice-based 
preference dependent measure similar Field’s (2006, Experiment 1) was used on a trial-by-trial 
basis. Although Field (2006, Experiment 1) reported no evidence of extinction using a similar 
measure, conditioned responding was not measured on a trial-by-trial basis in that study, limiting 
conclusions regarding changes in preference occurring across extinction procedures. As 
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evaluative and Pavlovian conditioned responses are thought to differ in their sensitivity to 
extinction procedures, analyzing trial-by-trial differences in responding across an extinction 
procedure may enable the future dissection of any possible differences between the phenomena. 
In addition, the introduction of the preference measure was important for three more reasons. 
First, outcomes affected by participants’ demand awareness may be a factor when using a rating 
scale alone (Field, 2006; Orne, 1962). Second, unlike in standard Pavlovian conditioning where, 
for example, the amount of saliva produced is the direct measure for salivary-conditioned 
responding, all the procedures used to measure affective responding are indirect (i.e. changes in 
affect can only be inferred through rating scales). The choice measure was a way to directly 
measure real-world changes in affect. Although relative measures have their weaknesses (e.g., 
those detailed above), the choice measure, which is infrequently used in this area of study of 
human learning, has been found to be sensitive to changes in preference in both operant and 
Pavlovian paradigms (Hemmes, Brown, & Cabeza de Vaca, 1990; Herrnstein & Loveland, 1975; 
Pierce & Cheney, 2004). For example, Hemmes, Brown, and Cabeza de Vaca (1990) found that 
the choice measure was superior in its measurement sensitivity to that of direct conditioned 
response measures for keypecks produced by pigeons during test trials in an autoshaping 
paradigm where delay to reinforcement was either 6 or 14 s. The choice measure revealed that 
each reinforcement-delay duration exercised separate control over responding during a different 
part of a trial, while measures such as keypeck latency or probability of location of first peck did 
not illustrate this finding.  Third, by using the choice-based preference measure on a trial-by-trial 
basis we were able to evaluate its sensitivity in assessing preference change. Given this, our 
research design which used both a rating scale and a choice-based preference measure on a trial-
by-trial level during all phases of the study (pre-acquisition, acquisition, extinction, post-
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extinction) represented an advance.  
The present study sought to determine whether evaluative conditioned responses to visual 
stimuli that were acquired using a cross-modality visual-gustatory paradigm were resistant to 
extinction procedures by using a rating scale and a preference measure on a trial-by-trial level 
during the pre-acquisition, acquisition, extinction, and post-extinction phases of the study. The 
present study used data analysis that was consistent with the behavioral definition of extinction, 
looking at differences in responding between each CS type as a function of the extinction 
procedure and not the maintenance of differential responding between the two CSs at discrete 
moments of measurement. Evidence of extinction was found, as indexed by differences in 
responding to the CSs during acquisition as compared to extinction, obtained by the trial-by-trial 
rating-scale measure. The choice-based preference measure was also sensitive to changes in 
preference and provided further evidence regarding the extinction of evaluative conditioned 
responses. 
Method  
Participants 
 Forty-nine psychology students with no prior experience of the procedures used in the 
present study participated for course credit. All participants were screened prior to the consent 
procedure for any food allergies, relevant health issues, or dietary restrictions. Individuals with 
these conditions were excluded from participation. The data from one of the participants in the 
rating-scale group were excluded because the participant provided the same response on every 
trial; the data from 48 participants were included in the data analysis. 
 20
Materials and Equipment 
 Square-shaped cookies that were approximately 1 square centimeter and free of food dye 
were used. Cookies were made using a variation of Verhulst, Hermans, Baeyens, Spruyt, and 
Eelen’s (2006) original recipe. The base ingredients included 200 g flour, 100 g sugar, 125 g 
butter and one egg. Additional ingredients included either one tablespoon of hazelnut powder or 
20 ml of Tween20 (polysorbate 20; Polyoxyethylene sorbitan monolaurate). Two cookie 
flavors—intended good tasting (good) and intended bad tasting (bad) were presented. The good 
cookies contained hazelnut powder, and the bad cookies contained Tween20. The experiment 
was controlled by a Lenovo IdeaPad laptop computer with a wired external mouse attached. The 
computer was placed on a desk along with the experimental stimuli.  
Procedure  
  Participants were run individually in a 2 m x 3 m room. The experiment had a between-
subjects design with two experimental groups. Half of all participants were in one group (24 
participants were in the rating-scale group), while the other half of participants were in the other 
group (24 participants were in the rating and preference-scale group). Participants were assigned 
to groups using block randomization in blocks of four as they arrived in the lab. For all 
participants, the experiment had four phases: a pre-acquisition CS-assessment phase, an 
acquisition phase, an extinction phase, and a post-extinction CS-assessment phase.  
 Pre-acquisition CS-assessment phase. In the first phase of the experiment, all 
participants completed a computerized explicit rating scale measure. Half of the participants, 
those in the rating and preference-scale group, also completed a computerized choice-based 
preference measure, in addition to the explicit rating scale. For those participants, presentation 
order of the two tasks was assigned using block-randomization with a four-participant block size.  
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Explicit rating-scale measure. All participants in both groups completed the explicit 
rating scale. During the rating-scale procedure, participants were presented with written 
instructions explaining the procedure, which remained on the laptop screen until the participant 
selected the continue button with the mouse (see Appendix B, which displays the written 
instructions participants saw). Doing this removed the instructions from the screen and began the 
sequence of four trials (two triangle, two diamond). Each trial involved the presentation of either 
a triangle or diamond shape outline (CS), approximately 6 centimeters square in size, on the 
laptop screen, one shape per trial (see Appendix C for a representation of the display presented to 
the participants). Below each shape consistent with Verhulst et al. (2006) and Kerkhof, 
Vansteenwegen, Baeyens, and Hermans (2009) was a rating scale with 21 tic marks, which 
occupied the entire horizontal length of the programmable area of the screen. Rating-scale values 
ranged from -100 to +100 units of affect in 1 point units. The endpoints appeared at either edge 
of the programmable area of the screen and were labeled with values (-100, 100) that abutted the 
edge of the programmable area of the screen. Below the rating scale, the words Rate this shape 
appeared. Diamond trials were identical to triangle trials, with the exception of the presentation 
of a diamond. During each trial as participants used the mouse to move the cursor icon along the 
rating scale, the associated signed numeric value appeared in approximately size 12 font on the 
bottom left of the screen. Participants were able to select a whole number value anywhere on the 
rating scale that corresponded with their explicit valence judgment of the CS by moving the 
mouse and then pressing the mouse button. The first value selected by pressing the mouse button 
was the one recorded, and that value was displayed on the bottom left of the screen in 
approximately size 12 font until the trial was completed. After completing the responses, 
participants waited for the trial to complete before beginning the next trial. Each trial was 7 s in 
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duration, timed from trial onset. Block-randomization with a four-participant block size was used 
to determine which shape was presented for the first trial. Following the presentation of the first 
shape during the first trial, the shapes were presented using alternation (e.g. diamond, triangle, 
diamond, triangle).  
Two practice trials using a pentagon shape preceded the rating-scale measure. The 
presentation structure of the practice trials was the same as that of the rating-scale measure. The 
display of the signed numeric value which appeared on the bottom left of the screen was 
explained to the participants prior to the practice trials Participants were given additional 
opportunity to complete the two practice trials if they requested additional practice.  
Preference measure. Participants in the rating and preference-scale group only 
completed the preference measure. They were presented with written instructions (see Appendix 
D) explaining the procedure; these remained on the laptop screen until the participant selected 
the continue button with the mouse. Doing this removed the instructions from the screen and 
began the sequence of two trials. Each trial involved the simultaneous presentation of the triangle 
and diamond shape outlines (CSs) on the laptop screen. Appendix E shows the display that the 
participants saw. For half of the participants, for both trials, one shape was presented on the left 
side of the screen, and one shape was presented on the right side of the screen. For the other half 
of participants, for both trials, the opposite right–left placement occurred. The CS outlines were 
approximately 4 centimeters square in size, and the instructions Slide the mouse along the line 
and click to show if you have any preference for the triangle or any for the diamond or no 
preference appeared at the top of the screen. Underneath the two CSs, a three-point preference 
scale with three tic marks ran along the entire horizontal length of the programmable area of the 
screen. The three points of the preference scale were the two endpoints on either side, and a 
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midpoint. Below the scale, at the midpoint, the words No Preference appeared. The CSs 
appeared above the scale at either endpoint and below the scale at the endpoints, the text 
Completely Prefer the Triangle or Completely Prefer the Diamond abutted either edge of the 
programmable area of the screen. By using the mouse to move the cursor icon to a point on the 
scale that corresponded with their preference for the CSs and pressing the mouse button, 
participants were able to select a whole number value anywhere on the scale, indicating their 
relative preference ranging from -100 to +100 unit of preference, in increments of 1.0. A signed 
numeric display identical in presentation and structure to that of the rating scale appeared on the 
bottom left of the screen as participants used the mouse to move the cursor icon along the 
preference scale. After completing the responses, participants waited for the trial to complete 
before beginning the next trial. Each trial lasted 7 s in duration, timed from trial onset. 
Presentation location of the two CSs was assigned using block-randomization, with a four-
participant block size. 
Two practice trials using a circle and a rectangle preceded the preference measure. The 
presentation structure of the practice trials was the same as that of the preference measure. The 
display of the signed numeric value which appeared on the bottom left of the screen was 
explained to the participants prior to the practice trials. Participants were given additional 
opportunity to complete the two practice trials if they requested additional practice. 
Acquisition phase. In the next phase of the experiment the evaluative conditioning 
acquisition procedure occurred. Participants sat in front of the laptop for 12 consecutive 
acquisition trials. Next to the laptop a bowl of bread, a cup of water, and the plate of 12 cookies 
were placed. Square-shaped cookies, each approximately 1 square centimeter, were presented in 
two columns side-by-side. One column had six good cookies and one column had six bad 
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cookies. A shape outline (approximately 6 cm square) was affixed to the rim of the plate at the 
head of each column. A triangle shape outline appeared over one column and a diamond shape 
outline appeared over the other.  
 The left/right position of columns presented in the tray was block randomized using a 
four-participant block. For half of the participants the right column was headed by the triangle 
shape and the left by the diamond shape, with position reversed for the other participants. Shape–
flavor combinations were block-randomized across participants (blocks of four) so that for half 
of the participants, bad cookies were matched with the triangle and good cookies were matched 
with the diamond. The other participants were given the opposite—bad cookies were matched 
with the diamond and good cookies were matched with the triangle.  
 At the beginning of the evaluative conditioning acquisition phase, all participants were 
informed orally that the cookies contained harmless flavors and that more information on 
flavoring would be provided after the experiment was completed. Following that oral 
information, participants were presented with written instructions regarding the overall 
procedure on the laptop screen (see Appendix F). These instructions were presented one time 
only, prior to the beginning of the 12 computer-based trials of the evaluative conditioning 
acquisition procedure. This presentation of instructions remained on the laptop screen until the 
participant used the mouse to select the continue button. Doing this removed the instructions 
from the screen and began the sequence of 12 acquisition trials. 
For all participants, during each of the 12 acquisition trials, after the presentation of the 
overall instructions, one shape outline (triangle or diamond—the CS) was presented on the 
laptop screen per trial. For each participant, the CS shape presented on the first trial was identical 
to the first CS shape presented during the pre-acquisition explicit rating scale, followed by 
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alternation for the remaining trials (trials 2–12), so that the same shape was never presented 
twice in a row during the evaluative conditioning acquisition procedure (consistent with Verhulst 
et al., 2006). Figure 2 displays the sequence of stimuli that were presented in each of the 12 
acquisition trials for participants in each group (the rating-scale group and the rating and 
preference-scale group). The leftmost column of the figure displays elapsed trial time, ranging 
from 0 s–56 s., and the height of the boxes in columns 2–4 represents the duration of the stimulus 
presentations, scaled according to the values listed in the left-most column; duration is noted in 
each discrete stimulus box. The second column displays separate boxes, each representing 
discrete stimuli that were successively presented to all participants, regardless of group 
assignment, during each acquisition trial. The second box of column 2 represents the first 
stimulus (the CS) presented during the trial, and the box appearing at the bottom of the column 
represents the last stimulus presented during the trial. The third column displays boxes 
representing stimuli that were presented to the rating-scale group only. These stimuli were 
presented simultaneously with the stimuli represented in the second column. The fourth column 
displays boxes representing stimuli that were presented simultaneously with the stimuli 
represented in the second column for participants in the rating and preference-scale group.  
As Figure 2 shows, all participants were shown the simultaneous presentation of both 
CSs for 7 s. Participants in the rating-scale group were not presented with any other stimuli 
during the 7 s duration. Participants in the rating and preference-scale group were also presented 
with the preference scale and instructions at the same time as the CSs. After that, the following 
sequence of stimuli were presented to all participants. A CS shape and rating scale were 
presented simultaneously for the duration of the rating scale (7 s). After 7 s, the rating scale 
disappeared and the CS shape remained on the laptop screen for an additional 5 s. Following 
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that, the CS shape disappeared and a prompt appeared to eat a cookie (US eating prompt). 
Participants were then prompted to swallow the cookie (US swallow prompt). Then they were 
prompted to eat a piece of bread (to avoid aftertastes, consistent with Kerkhof, Vansteenwegen et 
al., 2009), followed by a prompt to swallow the bread. Participants were then prompted that they 
could eat more bread and drink water at their leisure. At the end of the leisure prompt, a bell 
chimed to signal to all participants that the trial was coming to completion. Following that, the 
next trial occurred, starting with the presentation of shapes, and proceeding as described above. 
This sequence occurred for all 12 acquisition trials. 
Extinction phase. Immediately after the acquisition procedure was completed, the 
extinction procedure began. All participants continued to sit in front of the laptop for 12 
consecutive trials. All materials used during the acquisition procedure remained next to the 
laptop (the bowl of bread, cup of water, empty plate; however, no cookies were presented).  
 No oral or written instructions were presented to participants. The first extinction trial 
began immediately after the termination of the last acquisition trial. During each of the 12 
extinction trials one CS shape outline (triangle, diamond) was presented on the laptop screen per 
trial. For each participant, the CS shape presented on the first trial was the same CS shape as was 
presented on the first acquisition trial. Trials 2–12 followed the alternation rule for CS 
presentation, so that the same shape was never presented twice in a row, during all 12 extinction 
trials.  
Figure 3 displays the sequence of events that were presented in each of the 12 extinction 
trials for participants. No prompts relating to consuming a cookie, to eating bread, or drinking 
water were presented. All participants were shown the simultaneous presentation of both CSs for 
7 s. Participants in the rating-scale group were not presented with any other stimuli during the 7 s 
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duration. Participants in the rating and preference-scale group were also presented with the 
preference scale and instructions at the same time as the CSs. After that, the following sequence 
of stimuli were presented to all participants. A CS shape and rating scale was presented 
simultaneously for the duration of the rating scale (7 s). After 7 s, the rating scale disappeared 
and the CS shape remained on the laptop screen for an additional 5 s. Following that, the CS 
shape disappeared, and a blank screen was presented on the laptop screen for 37 s, which was the 
duration that equaled that of the US consumption prompts presented during an acquisition trial. 
At the end of the duration of the blank screen presentation, a bell chimed to signal to all 
participants that the trial was coming to completion. Following that, the next trial occurred, 
starting with the presentation of shapes. This sequence occurred for all 12 extinction trials.  
Post-extinction CS-assessment phase. Following completion of the 12 extinction trials, 
participants in the rating-scale group completed the rating-scale measure, while those in the 
rating and preference-scale group completed the choice-based preference measure and the rating-
scale measure. For both groups, this phase followed the same order of tasks and procedures as 
the pre-acquisition CS-assessment phase. Prior to the completion of these tasks, the cup of water, 
cookie plate and bread bowl were removed from their locations and placed out of the 
participant’s reach. The experimenter removed the laptop and started the program for the 
dependent measure. The laptop was then placed back in front of the participant. At the end of the 
study, participants were debriefed, informed about the nature of the flavors, and provided access 
to cups of water.  
Statistical analysis. Separate results from the analyses of rating-scale responses and 
preference measure responses occurring during the acquisition and extinction phases, which will 
be discussed below, revealed that sphericity was violated for the Trial factor. Due to this, all 
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degrees of freedom reported for results obtained during acquisition and extinction including Trial 
use the Greenhouse-Geisser–corrected values. 
Results 
Evidence of acquisition and extinction of evaluative conditioned responses was obtained. 
Affective ratings of shapes changed across acquisition and from acquisition to extinction as a 
function of their pairing with good- or bad-tasking cookies. Performance on the choice-based 
preference measure also demonstrated acquisition and extinction of conditioned affective 
responding with changes in responding observed from acquisition to extinction. 
CS Rating-scale Data 
 Due to procedural differences during the acquisition and extinction phases compared to 
the pre-acquisition and post-extinction phases, the acquisition and extinction phase rating-scale 
data were analyzed separately from the pre-acquisition and post-extinction phase rating-scale 
data. Results from these analyses are reported separately. 
Effect of completion of preference scale on rating-scale responses during the 
acquisition and extinction procedures. The effects of presentation of the preference scale on 
rating-scale responses during the acquisition and extinction procedures are presented in this 
section. A four-way mixed ANOVA was conducted with Group (rating scale, rating and 
preference scale) as a between-subjects factor and the following as within-subjects factors: 
Valence (good, bad), Phase (acquisition, extinction), and Trial (1–6). There was no significant 
main effect of group (F(1, 46) = 0.97, p = .33), and no interactions involving group were 
significant (results of the statistical analyses where data are pooled for all participants are 
presented in Table 1; the results from the omnibus ANOVA with all factors including the group 
factor are presented in Table G1 of Appendix G). Accordingly, data are combined across groups 
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in Figure 4, and no further analyses of the group factor will be presented for rating-scale data 
from the acquisition and extinction phases. In Figure 4, mean ratings of each CS for all 
participants are plotted as a function of trial (see Appendices H and I for individual participant 
data). The numbers on the ordinate represent rating-scale values, and the numbers on the abscissa 
represent trial numbers. Mean ratings of the good and bad CS, respectively, during the evaluative 
conditioning acquisition and extinction procedures are represented by closed squares and closed 
circles. The function breaks between trials 6 and 7 represents the transition from the acquisition 
procedure to the extinction procedure.  
Trial-by-trial rating-scale results for the acquisition and extinction phases. Analyses 
of the trial-by-trial data rating-scale data for the acquisition and extinction phases are presented 
in this section. As shown in Figure 4, there was no difference between responding to the good 
and bad CSs on the first trial of the acquisition procedure, but response differentiation did occur 
during the subsequent trials (2–6). The slope of the acquisition function for the bad CS appears 
to be steeper than that for the good CS. During extinction (trials 7–12), response differentiation 
established during acquisition appears to be maintained; however, there was an apparent trend of 
bad CS ratings becoming more positive during extinction than they were during acquisition. 
There was also an apparent trend toward less positive CS ratings for the good CS during 
extinction. These overall observations regarding data trends were assessed with a 2 (Valence: 
good vs. bad) x 2 (Phase: acquisition vs. extinction) x 6 (Trial: 1–6) repeated measures ANOVA 
of the CS ratings, which revealed a significant three-way interaction F(2.55, 119.73) = 27.14,     
p < .001 (see Table 1 for all results obtained from the ANOVA where participant data were 
pooled, no group factor).  
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In order to determine whether responding to the good CS differed from the bad CS during 
acquisition and during extinction, parsing of the significant three-way interaction was conducted. 
Owing to the significant Valence x Phase x Trial interaction, separate analyses for acquisition 
and extinction were conducted. During acquisition a significant Valence (good, bad) x Trial (1-6) 
interaction was found, Table 2 provides all results obtained from the acquisition ANOVA. The 
acquisition analysis also yielded significant main effects of Valence, F(1, 47) = 160.47, p < 
.001*; and Trial, F(3.39, 159.47) = 10.95, p < .001*. In support of the trends apparent in Figure 
4, paired samples t-tests revealed that ratings for the good and bad CSs during the first 
acquisition trial were not statistically significantly different (p = .93). Paired samples t-tests also 
revealed that ratings during acquisition trials 2–6 were significantly different for the good versus 
bad CS (Table 3 shows mean ratings (SD) as a function of CS type and P-values for each trial 
pairing).  
In another assessment of acquisition, paired samples t-tests were conducted for each CS 
type comparing the first acquisition trial to acquisition trials 2–6. Significant differences in 
responding to the good CS were found when comparing the first acquisition trial to trials 3–6, 
while significant differences in responding to the bad-CS were found when comparing the first 
acquisition trial to all other subsequent acquisition trials (see Table 4 for all t-test results). These 
results for both CS types indicate acquisition of evaluative conditioned responding, as defined by 
change in responding to a previously unpaired CS once pairing with a US has occurred.  
During extinction a significant Valence (good, bad) x Trial (1-6) interaction was found, 
as was a significant main effect of Valence; Table 5 shows these results. In support of the 
observation made regarding maintenance of differential responding in Figure 4, paired samples t-
tests revealed that trials 7–12 for the good CS were significantly different from trials 7–12 for the 
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bad CS (Table 6 provides mean ratings (SD) and p-values for each trial as a function of CS type). 
However, and in support of the observation made in Figure 4 regarding good and bad CS data 
point trends, paired samples t-tests revealed differences across trials for both good and bad CSs 
when the last acquisition trial was compared to extinction trials (Table 7 provides the results of 
the statistical analysis). These results indicate that extinction of evaluative conditioned 
responding occurred for both the good and bad CS when using the behavioral definition of 
extinction discussed above.  
Separate analyses of Phase for the good and bad CS were conducted. For the good CS, a 
significant Phase (acquisition, extinction) x Trial (1–6) interaction was found, F(2.32, 108.84) = 
5.99, p = .002. A significant main effect of Trial, F(3.67, 172.37) = 2.80, p = .03, was also found. 
Post-hoc pairwise comparisons revealed significant differences between the first acquisition trial 
M = 37.42, SD = 42.33) and the first extinction trial (M = 67.49, SD = 42.43, p = .002), and the 
last acquisition trial (M = 73.13, SD = 39.14) and the last extinction trial (M = 57.88, SD = 37.63, 
p = .02). These significant differences in means support the observation in the graph that for the 
good CS, CS rating scores increased across acquisition trials and decreased across extinction 
trials.  For the bad CS, a significant Phase (acquisition, extinction) x Trial (1–6) interaction was 
found, F(3.29, 154.64) = 33.81, p < .001. Significant main effects of Trial, F(3.48, 163.77) = 
14.93, p < .001; and Phase, F(1, 47) = 18.46, p < .001 were also found.  Post-hoc pairwise 
comparisons revealed significant differences between acquisition and extinction for trials with 
the exception of trial 4 (see Table 8 for details of statistical analysis). These significant 
differences in means the observation in the graph that for the bad CS, rating scores decreased 
across acquisition trials and increased across extinction trials. 
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Effect of completion of preference scale on rating-scale responses during the pre-
acquisition and post-extinction procedures. To determine the effect of completion of the 
preference scale on rating-scale responses during the pre-acquisition and post-extinction 
procedures, a four-way mixed ANOVA was conducted on rating-scale data with group as a 
between-subjects factor (rating scale, rating and preference scale), and the following as within-
subjects factors: Valence (good, bad), Phase (pre-acquisition, post-extinction), and Trial (1, 2). 
The mixed ANOVA did not reveal a significant group main effect indicating that there was no 
between-subjects effect of group on rating-scale responding (F(1, 46) = 0.03, p = .87). Further, 
the omnibus mixed ANOVA indicated that the four-way interaction (Valence x Phase x Trial x 
Group) was not significant, F(1, 46) = 0.02, p = .90 (Table G2 of Appendix G provides all results 
of the omnibus ANOVA). No further interactions involving the group factor were significant, 
and no further analysis on group was conducted for pre-acquisition and post-extinction data.  
Trial-by-trial rating-scale results for the pre-acquisition and post-extinction phases. 
The results of the analyses of the trial-by-trial data for the two trials of the pre-acquisition phase 
and the two trials of the post-extinction phase are presented in this section. Figure 4 displays 
mean ratings of each CS for all participants (n = 48), as a function of trial (1–2) for the pre-
acquisition and post-extinction phases. The graph shows that during the pre-acquisition 
procedure (trials 1–2), there was little difference in responding to the good and the bad CS on 
either trial, while during the post-extinction procedure (trials 1–2), there was a difference in 
responding to the good and bad CS. The post-extinction ratings for the bad CS were more 
negative than the pre-acquisition ratings, while the ratings for the good CS were more positive 
than the pre-acquisition ratings. The graph also shows that for both the good and bad CSs, the 
pre-acquisition trial 1 was different from the post-extinction trial 1, and the pre-acquisition trial 2 
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was different from the post-extinction trial 2. These findings were supported by a significant 
Valence x Phase interaction F(1, 47) = 51.87, p < .001 (Table 9 provides all results of the 
ANOVA where data were pooled for all participants, no group factor).  
To investigate the observations regarding changes in responding during pre-acquisition as 
compared to post-extinction for each CS, a Phase (pre-acquisition, post-extinction) x Trial (1, 2) 
ANOVA was conducted separately for both the good and bad CS. For both the good and bad CS 
only a main effect of Phase was found [good CS: F(1, 47) = 14.04, p < .001; bad CS: F(1, 47) = 
59.72, p < .001], supporting the observation that responding to the good CS became more 
positive post-extinction, as compared to pre-acquisition, while responding to the bad CS became 
more negative post-extinction as compared to pre-acquisition.  
Although these findings indicate that acquired conditioned responding was maintained 
following extinction, comparison of performance during the last acquisition trial and the post-
extinction trials suggests that extinction occurred. Although the post-extinction trials differed 
procedurally from the extinction trials, they contained the same dependent measures. Consistent 
with the analysis conducted comparing the last acquisition trial with extinction trials, analysis 
comparing the last acquisition trial to each of the post-extinction trials was conducted. Paired 
samples t-tests revealed significant differences between the last acquisition and both post-
extinction trials for each CS type (see Table 10 for the results of the t-tests). These findings were 
in accord with those found for extinction trials and suggest that the extinction of evaluative 
conditioned responses occurred for both the good and bad CS. 
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Preference-scale Data 
 Due to procedural differences during the acquisition and extinction phases compared to 
the pre-acquisition and post-extinction phases, the acquisition and extinction phase preference 
data were analyzed separately from the pre-acquisition and post-extinction phase preference data.  
Trial-by-trial preference-scale results for the acquisition and extinction phases. 
Analysis of the preference-scale data for the acquisition and extinction phases are presented in 
this section. Figure 5 displays the mean preference-scale value for participants who completed 
both the preference- and rating-scale measure, for each trial during acquisition and extinction 
(filled squares; see Appendix J for individual participant data). The ordinate shows preference-
scale values, and the abscissa shows trial numbers. On the ordinate, the values range from -100 
to +100, where -100 is equivalent to completely preferring the negative CS, and +100 is 
equivalent to completely preferring the positive stimulus. A value of zero is equivalent to No 
Preference. Data from 12 consecutive acquisition trials (trials 1–12; 6 good, 6 bad) and 12 
consecutive extinction trials (trials 13–24; 6 good, 6 bad) are presented in this figure. Data are 
plotted irrespective of whether a positive or negative CS had been presented prior to the 
preference-assessment procedure, on a given trial. The break between trials 12 and 13 represents 
the transition from the acquisition procedure to the extinction procedure.  
The graph shows preference for the bad CS on trial 1 of the acquisition procedure. 
Preference for the good CS occurred for acquisition trials 2–12. During extinction (trials 13–24), 
the graph illustrates the gradual extinction of preference established during acquisition. This is 
illustrated by 11 out of 12 extinction data points being less positive than the last acquisition data 
point (trial 12; Table 11 provides means and standard deviations for all trials). Extinction is also 
indicated by 10 out of 12 extinction data points being less positive than the second-to-last 
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acquisition data point (trial 11). This observation of extinction was supported by a 2 (Phase: 
acquisition vs. extinction) x 12 (Trial) repeated measures ANOVA of the preference-measure 
ratings. The two-way interaction of Phase (Acquisition, Extinction) x Trial (1–12) was 
significant, F(3.98, 91.55) = 15.56, p < .001, as well as the main effect of Trial, F(4.27, 98.25) = 
6.18, p < .001. The main effect of Phase was not significant, F(1, 23) = 0.58, p = .45. Post-hoc 
pairwise comparisons revealed significant differences between acquisition and extinction for 
several trials (see Table 12 for details of statistical analysis). These significant differences in 
means support the observation in the graph that during acquisition preference scores become 
more positive overall, while during extinction preference scores became more negative overall. 
Paired samples t-tests to confirm evidence of acquisition were conducted comparing the 
first acquisition trial to all other acquisition trials. Trial 1 was found to be different from all other 
trials supporting the finding that acquisition occurred. Table 13 provides details of the results of 
the t-tests for acquisition trials. Importantly, in order to support the overall observation of 
extinction of conditioned responding, paired samples t-tests were conducted to determine if there 
was a difference in preference value for the last acquisition trial, as compared to each extinction 
trial. Significant differences were found between the last acquisition trial value and values from 
extinction trials 16–24. Table 14 provides results of the analyses for all pairs of trials. These 
findings corroborate the rating-scale data, and suggest that the preference scale is sensitive in 
determining changes in evaluative conditioned responding as a function of conditioning 
procedure.  
Trial-by-trial preference-scale results for the pre-acquisition and post-extinction 
phases. Analyses of the two trials of the pre-acquisition and two trials of post-extinction phases 
are described in this section. Figure 5, which shows mean preference-scale values for each trial 
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(1–2) for the pre-acquisition and post-extinction phases (open squares), illustrates that there was 
preference for the good CS post-extinction as compared to pre-acquisition. To further investigate 
this, a two-way ANOVA was conducted on the preference-scale data with the following within-
subjects factors: Phase (pre-acquisition, post-extinction), and Trial (1–2). The ANOVA indicated 
that neither the main effect of Trial (1, 2) nor the two-way interaction of Phase (pre-acquisition, 
post-extinction) x Trial (1, 2) were significant, F(1, 23) = 0.14, p = .71, and F(1, 23) = 0.15, p = 
.70, respectively; however, the main effect of Phase (pre-acquisition, post-extinction) was F(1, 
23) = 22.24, p < .001. This supports the observation that participants’ ratings were overall more 
positive post-extinction as compared to pre-acquisition for both trials 1 and 2. Table 15 provides 
the phase, preference-scale mean, and standard deviation for each trial. 
In order to assess post-extinction trial responding, paired samples t-tests comparing the 
mean preference value from the last acquisition trial (M = 82.04, SD = 29.57) with post-
extinction trial 1 (M = 57.00, SD = 37.25; t(23) = 3.16, p = .004) and post-extinction trial 2 (M = 
51.54, SD = 45.18, t(23) = 3.03, p = .01) were conducted. This analysis yielded results yielded 
further supporting an argument for the extinction of evaluative conditioned responding. 
Discussion 
The present study sought to determine whether evaluative conditioned responses to visual 
stimuli that had been acquired using a cross-modality visual-gustatory paradigm were resistant to 
extinction procedures. As an expansion of our pilot study, a systematic replication of the work 
conducted by Lipp et al. (2003, Experiment 2) and an extension of the work conducted by Field 
(2006, Experiment 1) was completed using a rating scale and a preference measure on a trial-by-
trial level during pre-acquisition, acquisition, extinction, and post-extinction phases of the study. 
The present study used data analysis that was consistent with the behavioral definition of 
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extinction, looking at differences in responding for each CS type as a function of trials during the 
extinction procedure, rather than the maintenance of differential responding between two CSs at 
discrete moments of measurement. In support of the generality of the data from our pilot study 
reported above, evidence of extinction was found, as indexed by differences in responding to the 
CSs during acquisition, as compared to extinction. This was observed for the trial-by-trial rating 
scale and choice-based preference measures. Also in support of the generality of the data from 
our pilot study, the maintenance of differential responding between the two CSs was observed. 
Prior to determining whether evaluative conditioned responses were resistant to extinction 
procedures, analysis regarding evidence of acquisition was completed. An evaluative conditioned 
acquisition effect was found using both measures. Changes in participant ratings of the CS on the 
first acquisition trial, as compared to separate, subsequent acquisition trials for each CS type 
were found. The CS that was paired with the good US elicited more positive ratings across 
acquisition trials, while the CS paired with the bad US elicited more negative ratings across 
acquisition trials. Ratings provided during the first acquisition trial were consistent with those 
given during the pre-acquisition trials and were likely due to the first acquisition trial rating 
opportunity occurring prior to the CS–US pairing. Differences in the magnitude of the 
acquisition effect for the good CS as compared to the the bad CS were observed. The acquisition 
effect for the bad CS appeared to be greater than that of the good CS and is consistent with 
previous research suggesting that human participants typically experience negative stimuli as 
more intensely valenced than positive stimuli (Baumeister, Bratslavsky, Finkenauer, & Vohs, 
2001). An acquisition effect was also found when data from the preference scale were analyzed. 
Participants increased their preference for the good CS relative to the bad CS across CS–US 
paired acquisition trials. Responding during the first acquisition trial was similar to that of pre-
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acquisition and was again most likely because the rating opportunity of the first acquisition trial 
occurred prior to the CS–US pairing.  
Following the analysis confirming that acquisition occurred, analysis investigating the 
effect of the extinction procedure on evaluative conditioned responding was completed. 
Importantly, an evaluative conditioned extinction effect was found using both the rating and 
preference measures. Significant changes in participant ratings were found when responding to 
the last acquisition trial was compared to responding during extinction trials for each CS type. 
During extinction and post-extinction, participant ratings of the CS that had previously been 
paired with the bad US were more positive than they had been at the end of acquisition. The 
opposite was true for the stimulus previously paired with the good US. These changes in 
responding to CSs after the removal of the previously paired USs are consistent with 
experimental extinction of conditioned responses.  
An extinction effect was also observed for both CS types as measured by the preference 
scale. A significant change in preference to the CSs during the last acquisition trial, as compared 
to extinction trials and post-extinction occurred. Preference responses were less positively 
valenced for trials occurring during the extinction and post-extinction procedure as compared to 
the end of the acquisition procedure, indicating that preference to the good CS in relation to the 
bad CS waned.  
Although the main focus of this study was to evaluate the effect of an extinction 
procedure on evaluative conditioned responding, it was also of interest to determine whether the 
completion of the preference scale in addition to the rating scale had an effect on participant 
rating-scale responding to the CSs when compared to the responses of those who completed the 
rating scale only. No difference in rating-scale responding was found between the two groups. 
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This finding is important in that it may encourage three future actions: (a) an investigation of the 
sensitivity of the preference measure, (b) an investigation of evaluative conditioned extinction 
effects when multiple dependent measures are used, and (c) an increase in the conducting of 
systematic replications, which, as has been noted, are scarcely found within the area of 
evaluative conditioning. 
The present study which expanded upon our pilot work, is a combination of a systematic 
replication of work conducted by Lipp et al. (2003, Experiment 2) and an extension of a 
dependent measure previously used by Field (2006, Experiment 1). The conclusions drawn were 
similar, albeit derived by different analyses, to those of Lipp et al. (2003, Experiment 2) but 
different from those drawn by Field (2006, Experiment 1) who found that evaluative responses 
were not sensitive to extinction procedures as indexed by a preference measure. Given this and 
given the lack of systematic replications within the evaluative conditioning literature, it is 
important to take into account the characteristics that differ from the original works. The present 
study used a different cross-sensory modality stimulus pairing than was used in the work of Lipp 
et al. (2003, Experiment 2): we used visual-gustatory stimulus pairs as opposed to their visual-
electrocutaneous stimulus pairs. We also used fewer acquisition and extinction trials (six 
acquisition and six extinction trials for each CS type versus 10 CS+ and 10 CS- trials during 
acquisition and 16 CS+ and 16 CS- extinction trials). Another difference between the present 
study and that of Lipp et al. (2003, Experiment 2) was our use of a differential paradigm with 
two unique CS–US pairs. For the present study, each CS was paired with one of two US types. 
Our US types were good and bad tasting cookies, whereas Lipp et al. (2003, Experiment 2) 
paired one CS with electrocutaneous shock and the other CS with no stimulus change (no US). 
Despite those differences, our conclusions are similar to those of Lipp et al. (2003, Experiment 
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2) who concluded that a trial-by-trial measure could be used during acquisition and extinction 
procedures and that it is sensitive enough to capture changes in responding during acquisition 
and extinction procedures.  
Procedural differences can also be found when comparing our work to Field’s (2006, 
Experiment 1). We administered the rating scale on a trial-by-trial basis, unlike Field (2006, 
Experiment 1) who administered it during pre-conditioning, post-conditioning and post-
extinction phases only. Additionally, Field’s (2006, Experiment 1) preference measure enabled 
participants only to choose which stimulus they preferred in a binary-answer format, while 
participants in our experiment were able to indicate level of preference for one stimulus over the 
other stimulus along a continuum, providing a potentially more sensitive measure of conditioned 
effects. Scale sensitivity then, may have contributed to the difference of findings between the 
two studies and complicated Field’s (2006, Experiment 1) conclusion regarding the absence of 
evaluative extinction, warranting further investigation. 
Variables other than scale precision and associative strength influence human responding. 
Demand characteristics, as discussed in the above, may also affect performance. Extreme 
responding, a form of response bias associated with Likert-type scales, may also influence 
participant responding. Extreme responding occurs when participants display a repeated 
tendency toward selecting the endpoint-response options on a Likert-type scale and can have a 
negative impact on the conclusions that can be drawn from a study (Furr & Bacharach, 2014). 
Within the area of evaluative conditioning, Likert-type scales are used regularly to measure 
changes in affect, and conclusions regarding the sensitivity of evaluative conditioned responses 
to extinction procedures are often based on data produced by such measures. It is possible that 
the observation of resistance to extinction of conditioned responses, as indexed by the 
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maintenance of differential responding, may be an artefact of response bias in the form of 
extreme responding and presents a problem of construct validity. This problem can be indirectly 
addressed when more than one rating-scale measure is used and when extinction data analysis is 
not based on differential responding to the CSs. Unfortunately, these strategies, which would 
strengthen conclusions regarding observed effects, are not widely reported to be in use. The 
present study used Likert-type measures—the rating scale and the preference measure—so it also 
suffers from potential weakness owing to extreme responding; however, as we used two different 
measures which both produced data suggesting similar conclusions, and we did not base our 
extinction-related conclusions on findings from a differential-response analysis, our study 
represents a methodological advance to those that were used in currently published literature. It 
must be acknowledged though, that response bias is not fixed by multiple measures and although 
our study procedure helped to strengthen our conclusions regarding extinction, it did not 
eliminate the potential problem of response bias. Possible methods to control for extreme 
responding and response bias are discussed, below.  
Aside from demonstrating the extinction of evaluative conditioned responses and 
presenting the importance of using multiple dependent measures, the present study represents a 
meaningful contribution to the literature by demonstrating the value of the preference measure of 
evaluative conditioning. The present study is the first of its kind to use a two-choice trial-by-trial 
preference measure with a response continuum within the area of evaluative conditioning. In an 
extension of Field’s (2006, Experiment 1) work, the precision of the preference measure was 
increased and the measure was administered on a trial-by-trial basis along with the rating scale. 
The preference measure, which is a type of a choice measure, holds promise as a more effective 
alternative to the rating scale for estimating the effect of an extinction procedure on evaluative 
 42
conditioned responses. Changes in affect can only be inferred through rating scales but can be 
directly observed through the choice behavior demonstrated with the preference measure. Choice 
measures are relatively unexplored within the area of evaluative conditioning, but they are 
recognized in the literature on conditioned reinforcement as sensitive dependent measures (as 
compared to other non-choice dependent measures). For example, Fantino and Case (1983) 
found that human participants chose to lever press for colored lights associated with either access 
to points (exchangeable for money) or uncorrelated with reinforcement, but did not choose to 
lever press for an extinction-associated light in an observing task. Choice measures may be 
equally sensitive in the measurement of evaluative conditioned responses because of proposed 
similarities between evaluative conditioned stimuli and conditioned reinforcers. Although it has 
not yet been evaluated empirically, it is possible that evaluative conditioned stimuli with positive 
affective valence function as conditioned reinforcers.  
The evidence of extinction and the introduction of the preference measure represented an 
extension of the current literature; however, several limitations of the present study must be 
acknowledged. Although statistical analyses revealed no effect of the preference measure on 
rating scale responses, it is unknown whether the completion of the rating scale had an effect on 
preference measure responses. An expansion of the group design of the present study could be 
completed to evaluate whether responding to either the rating scale or the preference measure 
had an effect on responding to the other measure. Further, it is also unknown whether the act of 
rating CSs on a trial-by-trial basis affected the responses provided. In order to evaluate this, a 
group design could be used where number of rating trials vary across groups (e.g. rating during 
every trial vs. every second trial vs. every third trial) and seeing whether observable differences 
in responding occur.  
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Another limitation worth noting is that although we demonstrated an extinction effect, 
valenced responding to the CSs did not extinguish to pre-acquisition levels for either CS-type. 
This finding is consistent with that found from our pilot study where the magnitude of change in 
responding from acquisition to extinction was not large for either CS type. This is in contrast to 
the extinction of conditioned responding that is typically observed in the non-human animal 
Pavlovian conditioning literature where conditioned responses are neither evaluative nor small in 
the magnitude of their extinction effect. While others have suggested this is due to evaluative 
conditioning being a different form of learning (e.g., Díaz et al., 2005), it may be due to 
differences related to the dependent measure used and the nature of the response. In the animal 
conditioning literature, effect of extinction is assessed as presence or absence (or strength or 
probability) of a behavior measured during an extinction condition, while in the evaluative 
conditioning literature, verbal behavior which remains constant but varies in its content is 
measured. The nature of the differences of the responses may influence the differing magnitude 
of change in responding observed during extinction conditions.  
Alternatively, the small reduction in response tendency observed in the present study may 
be related to the associability of the US, or the beta parameter (β) in the Rescorla-Wagner model 
(1972). If the β value is small, than the model predicts that little conditioning will accrue to the 
CS during acquisition, and as a result, a small magnitude change in responding during the 
extinction procedure will occur. It is possible that our USs did not support high levels of 
learning. Although small, a reduction in response tendency was still observed in the present 
study though, in contrast to other studies discussed above suggesting the β value of our USs may 
have been larger than others used in the literature. This observation may be related to the US 
modality which was used and relates directly to the idea of US associability. Within the 
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Rescorla-Wagner model US associability is related to US intensity. Our study used gustatory 
stimuli which may have functioned as stronger unconditioned elicitors than visual stimuli, as a 
result of greater stimulus intensity. In support of this idea is evidence of extinction found both in 
the present study and in Experiment 2 by Lipp et al. (2003) who used electrocutaneous 
stimulation as a US; however, Gawronski and Mitchell (2014, Experiment 2) also found 
evidence of extinction while using visual USs, complicating conclusions regarding US modality.  
It is also possible that stimuli in the environment function in a way that limits 
generalization decrement during an extinction procedure. Lattal and Lattal (2012) discuss how 
changes in responding observed under extinction conditions may be influenced by the presence 
or absence of environmental stimuli present during acquisition. These stimuli, they suggest, may 
serve a discriminative function and their presence or absence during extinction may affect 
responding. In the present study the plate which the cookies were presented on during acquisition 
remained, empty, on the desk during the extinction procedure. It is possible the plate acquired 
discriminative properties during acquisition and its presence during the extinction procedure may 
have affected learning of the extinction contingencies. This possibility is supported by Bouton 
(2004) who suggested that extinction responding is not due to the unlearning of a CS-US 
relationship (as per Rescorla-Wagner, 1972) but rather, due to new learning about a CS-US 
relationship which is context-dependent. The extinction context serves a modulatory function 
where organisms learn about the new CS-US relationship resulting from the removal of the US. 
If stimuli, which during acquisition gained a discriminative function, remained present during the 
extinction procedure it is possible that a limited generalization decrement occurred attenuating 
the modulatory function of the context of the extinction environment. In future research the role 
of discriminative stimuli and the context in evaluative conditioning may be assessed by 
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designing experiments where for one group acquisition and extinction procedures are conducted 
in the same context, and for another group they are conducted in different contexts.  
There is also a need to evaluate whether response bias in the form of extreme responding 
is affecting conditioned responding. A study could be conducted where several CSs were each 
paired with several USs of increasing positive and negative valence. If extreme responding is 
influencing the appraisal of a single CS, then the presentation of multiple CSs each paired with a 
US of different intensity may potentially decrease the likelihood of endpoint responses for all 
CSs. Participants may instead rank the stimuli and vary their responses as a function of that rank. 
An alternative avenue of future research that may circumvent the issue of extreme responding 
would be to explore the use of a Pavlovian to Instrumental Transfer (PIT) paradigm using 
positive and negative evaluative conditioned stimuli. A PIT paradigm is a three phase training 
and testing paradigm where the in the first phase Pavlovian conditioning occurs with the 
presentation of CS-US pairs. In the second phase instrumental conditioning occurs where an 
operant response is trained using the US as a reinforcer; the third phase is the test phase. During 
this phase, participants are presented with the unpaired CS as an outcome of the previously 
trained operant response. CS-related responding during the test phase is measured in comparison 
to responding either in the absence of a CS, or responding where the outcome is a different, 
separately trained CS (Cartoni, Balleine, and Baldassarre, 2016).  Evaluating responding to CSs 
in this paradigm would provide information regarding the acquisition and extinction of 
evaluative conditioned CSs without the use of a Likert-type scale. Whether participants emitted 
responses during the test phase would provide strong evidence regarding the efficacy of the 
acquisition procedure, while changes in responding (rate, latency, magnitude, or choice) during 
the test phase would provide strong evidence regarding the extinction of evaluative condition 
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stimuli, because the test condition is carried out under extinction conditions. 
In spite of the limitations discussed the present study contributes meaningfully to the 
field. The evidence of an extinction effect coupled with the differences in study parameters for 
our study as compared to Lipp et al. (2003, Experiment 2) and Field (2006, Experiment 1) 
represents an extension of the literature and strong evidence that evaluative conditioned 
responses do extinguish. This work also adds to the current knowledge on evaluative 
conditioning and trial-by-trial measurement. The findings of the present study highlight the 
importance of determining the experimental parameters that affect extinction outcomes within 
the area of evaluative conditioning. This can be accomplished by the continuation of systematic 
replications of previous research. Additionally, the extension of previously used measures and 
further work investigating the possibility of extreme responding are warranted. This future 
research may help us determine where the boundary conditions lie for extinction of evaluative 
conditioning. Current differences in extinction findings across experiments are difficult to 
reconcile due to our lack of understanding of the role parameters play, issues relating to 
psychometric properties of the experiments (scale sensitivity and response bias), and where the 
boundary conditions lie as well as the effect of the interaction of all of these factors.  
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Table 1 
Results of the Acquisition and Extinction Rating-scale ANOVA Where Data Are Pooled for All 
Participants (No Group Factor) 
Note. P-values with an * are significant at the p < .05 level. 
 
 
 
Source df MS F-value p-value 
 
Valence (Good, Bad) 1 2083225.58 193.83 < .001* .81 
Valence x Error 47 10747.48    
      
Phase (Acquisition, 
Extinction) 
1 25097.56 22.20 < .001* .32 
Phase x Error 47 1130.35    
      
Trial (1-6) 4.15 4524.91 4.36 .002* .09 
Trial x Error 195.05 1036.92    
      
Valence x Phase 1 28381.08 7.70 .01* .14 
Valence x Phase x Error 47 3688.44    
      
Valence x Trial 3.52 18993.95 13.24 < .001* .22 
Valence x Trial x Error 165.54 1434.29    
      
Phase x Trial 3.70 11057.49 8.31 < .001* .15 
Phase x Trial x Error 173.91 1329.92    
      
Valence x Phase x Trial 2.55 87802.25 27.14 < .001* .37 
Valence x Phase x Trial x 
Error 
119.73 3235.80    
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Table 2 
Degrees of Freedom, Mean Squares, F-values and p-values from the Valence x Trial ANOVA on 
the Rating-scale Data for the Acquisition Phase  
Note. P-values with an * are significant at the p < .05 level.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Acquisition ANOVA Factor(s) df MS F-value p-value 
 
Valence (Good, Bad) 1 812648.66 160.47 < .001* .77 
Valence x Error 47 5064.08    
      
Trial (1-6)  3.39 15943.43 10.95 < .001* .19 
Trial x Error 159.47 1456.46    
      
Valence x Trial  2.82  94282.66 34.50 < .001* .42 
Valence x Trial x Error 132.57 2732.48    
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Table 3 
Rating-scale Means and Standard Deviations for Acquisition Trials for Each CS Type; p-values 
for Each Comparison of a Good and Bad CS Trial 
Trial Good CS Bad CS 
 Mean (SD) Mean (SD) p-value 
Acquisition Trial 1 37.42 (42.33) 36.57 (40.88) .93 
Acquisition Trial 2 45.68 (43.96) 1.80 (48.97) < .001* 
Acquisition Trial 3 62.27 (30.06) -7.51 54.37 < .001* 
Acquisition Trial 4 66.02 (30.46) -30.24 48.38 < .001* 
Acquisition Trial 5 66.51 (46.04) -46.96 (49.48) < .001* 
Acquisition Trial 6 73.13 (39.14) -53.38 (48.63) < .001* 
Note. P-values with an * are significant at the p < .05 level. 
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Table 4 
Degrees of Freedom, t-values, and p-values of t-tests Comparing the First Acquisition Trial to 
Each Other Acquisition Trial for Each CS Type for the Rating Scale  
CS-Type  Trial Trial df t-value p-value 
Good CS  Acquisition Trial 1 Acquisition Trial 2 47 -1.40 .17 
  Acquisition Trial 3 47 -3.45 .001* 
  Acquisition Trial 4 47 -4.30 < .001* 
  Acquisition Trial 5 47 -3.21 .002* 
  Acquisition Trial 6 47 -4.10 < .001* 
      
Bad CS  Acquisition Trial 1 Acquisition Trial 2 47 4.52 < .001* 
  Acquisition Trial 3 47 6.07 < .001* 
  Acquisition Trial 4 47 7.84 < .001* 
  Acquisition Trial 5 47 9.55 < .001* 
  Acquisition Trial 6 47 10.58 < .001* 
Note. P-values with an * are significant at the p < .05 level. 
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Table 5 
Degrees of Freedom, Mean Squares, F-values, and p-values from the Valence x Trial ANOVA on 
the Rating-scale Data for the Extinction Phase 
Note. P-values with an * are significant at the p < .05 level. 
 
 
 
 
 
 
 
 
 
 
 
 
Extinction ANOVA Factor(s) df MS F-value p-value 
 
      
Valence (Good, Bad) 1 1298958.01 138.60 < .001* .75 
Valence x Error 47 9371.83    
      
Trial (1-6)  3.94 1419.53 1.31 .26 .03 
Trial x Error 185.36 1085.86    
      
Valence x Trial  2.89 8517.46 4.41 .01* .09 
Valence x Trial x Error 135.94 1931.85    
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Table 6 
Rating-scale Means and Standard Deviations for Extinction Trials for Each CS type; p-values 
for Each Comparison of a Good and Bad CS Trial 
Trial Good CS Bad CS  
 Mean (SD) Mean (SD) p-value 
Extinction Trial 7 67.49 (42.43) -49.08 (52.39) < .001* 
Extinction Trial 8 60.20 (46.46) -48.09 (45.14) < .001* 
Extinction Trial 9 59.33 (43.56) -33.89 (47.64) < .001* 
Extinction Trial 10 55.64 (38.12) -30.52 (48.08) < .001* 
Extinction Trial 11 54.04 (41.25) -27.02 (47.07) < .001* 
Extinction Trial 12 57.88 (37.63) -26.68 (50.30) < .001* 
Note. P-values with an * are significant at the p < .05 level. 
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Table 7 
Degrees of Freedom, t-values, and p-values of t-tests Comparing the Last Acquisition Trial to 
Each Extinction Trial for Each CS Type for the Rating Scale 
CS-Type Trial Trial df t-value p-value 
Good CS  Acquisition Trial 6 Extinction Trial 7 47 2.21 .03* 
  Extinction Trial 8 47 1.80 .08 
  Extinction Trial 9 47 1.97 .06 
  Extinction Trial 10 47 2.79 .01* 
  Extinction Trial 11 47 2.55 .01* 
  Extinction Trial 12 47 2.43 .02* 
      
Bad CS  Acquisition Trial 6 Extinction Trial 7 47 -0.68 .50 
  Extinction Trial 8 47 -0.81 .42 
  Extinction Trial 9 47 -3.29 .002* 
  Extinction Trial 10 47 -3.41 .001* 
  Extinction Trial 11 47 -3.57 .001* 
  Extinction Trial 12 47 -3.45 .001* 
Note. P-values with an * are significant at the p < .05 level. 
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Table 8 
Rating-scale Means and Standard Deviations for all Bad CS Trials During Acquisition and 
Extinction; p-values for Each Comparison of an Acquisition and an Extinction Trial 
Trial Acquisition Extinction  
 Mean (SD) Mean (SD) p-value 
1 36.57 (40.88) -49.08 (52.39) < .001* 
2 1.80 (48.97) -48.09 (45.14) < .001* 
3 -7.51 (54.37) -33.89 (47.64) .01* 
4 -30.24 (48.38) -30.52 (48.08) .97 
5 -46.96 (49.48) -27.02 (47.07) .01* 
6 -53.38 (48.63) -26.68 (50.30)  .001* 
Note. P-values with an * are significant at the p < .05 level. 
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Table 9 
Results of the Pre-acquisition and Post-extinction Rating-scale ANOVA Where Data Are Pooled 
for All Participants (No Group Factor) 
Note. P-values with an * are significant at the p < .05 level. 
 
 
 
 
 
Source df MS F-value p-value 
 
Valence (Good, Bad) 1 149063.83 43.29 < .001* .48 
Valence x Error 47 3443.32    
      
Phase (Pre-Acquisition, Post-Extinction) 1 24227.03 12.83 .001* .21 
Phase x Error 47 1887.75    
      
Trial (1, 2)  1 237.68 0.58 .45 .01 
Trial x Error 47 410.34    
      
Valence x Phase 1 178121.36 51.87 < .001* .53 
Valence x Phase x Error 47 3433.97    
      
Valence x Trial  1 312.09 0.44 .51 .01 
Valence x Trial x Error 47 711.75    
      
Phase x Trial 1 59.72 0.22 .64 .01 
Phase x Trial x Error 47 267.31    
      
Valence x Phase x Trial 1 147.20 0.35 .55 .01 
Valence x Phase x Trial x Error 47 415.30    
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Table 10 
Degrees of Freedom, t-values, and p-values of t-tests Comparing the Last Acquisition Trial to 
Each Post-extinction Trial for Each CS Type for the Rating Scale 
Trial Trial df t-value p-value 
Good CS Acquisition Trial 6  Good CS Post-Extinction Trial 1 47 2.18 .03* 
Good CS Acquisition Trial 6  Good CS Post-Extinction Trial 2 47 2.50 .02* 
Bad CS Acquisition Trial 6  Bad CS Post-Extinction Trial 1 47 -3.61 .001* 
Bad CS Acquisition Trial 6  Bad CS Post-Extinction Trial 2 47 -3.52 .001* 
Note. P-values with an * are significant at the p < .05 level. 
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Table 11 
Preference-scale Means and Standard Deviations for All Acquisition and Extinction Trials 
Phase Trial Mean (SD) 
Acquisition 1 -30.13 (70.86) 
 2 12.06 (53.14) 
 3 48.33 (47.09) 
 4 47.73 (46.90) 
 5 58.26 (49.63) 
 6 57.26 (44.16) 
 7 69.13 (50.37) 
 8 69.92 (34.14) 
 9 77.04 (30.56) 
 10 79.29 (28.55) 
 11 68.79 (47.99) 
 12 82.04 (29.57) 
Extinction 13 76.09 (44.75) 
 14 84.35 (22.58) 
 15 64.92 (51.08) 
 16 56.92 (45.26) 
 17 51.65 (46.88) 
 18 54.68 (48.58) 
 19 46.76 (45.48) 
 20 55.52 (39.91) 
 21 53.08 (41.32) 
 22 55.71 (41.27) 
 23 52.33 (41.89) 
 24 47.22 (43.27) 
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Table 12 
Preference-scale Means and Standard Deviations for all Trials During Acquisition and 
Extinction; p-values for Each Comparison of an Acquisition and an Extinction Trial 
Trial Acquisition Extinction  
 Mean (SD) Mean (SD) p-value 
1 -30.13  (70.86) 76.09  (44.75) < .001* 
2 12.06  (53.14) 84.35  (22.58) < .001* 
3 48.33  (47.09) 64.92 (51.08) .30 
4 47.73  (46.90) 56.92  (45.26) .53 
5 58.26  (49.63) 51.65  (46.88) .58 
6 57.26  (44.16) 54.68  (48.58)  .85 
7 69.13  (50.37) 46.76  (45.48) .04 
8 69.92  (34.14) 55.52  (39.91) .14 
9 77.04  (30.56) 53.08  (41.32) .01 
10 79.29  (28.55) 55.71  (41.27) .02 
11 68.79  (47.99) 52.33  (41.89) .14 
12 82.04  (29.57) 47.22  (43.27) < .001* 
Note. P-values with an * are significant at the p < .05 level. 
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Table 13 
Degrees of Freedom, t-values, and p-values of t-tests Comparing the First Acquisition Trial to 
Each Other Acquisition Trial for the Preference Scale 
Trial Trial df t-value p-value 
Acquisition Trial 1 Acquisition Trial 2 23 -3.13 .01* 
 Acquisition Trial 3 23 -4.64 < .001* 
 Acquisition Trial 4 23 -4.70 < .001* 
 Acquisition Trial 5 23 -5.67 < .001* 
 Acquisition Trial 6 23 -5.15 < .001* 
 Acquisition Trial 7 23 -6.33 < .001* 
 Acquisition Trial 8 23 -6.30 < .001* 
 Acquisition Trial 9 23 -6.60 < .001* 
 Acquisition Trial 10 23 -6.95 < .001* 
 Acquisition Trial 11 23 -6.26 < .001* 
 Acquisition Trial 12 23 -7.11 < .001* 
Note. P-values with an * are significant at the p < .05 level. 
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Table 14 
Degrees of Freedom, t-values, and p-values of t-tests Comparing the Last Acquisition Trial to 
Each Extinction Trial for the Preference Scale  
Trial Trial df t-value p-value 
Acquisition Trial 12 Extinction Trial 13 23 0.61 .55 
 Extinction Trial 14 23 -0.44 .66 
 Extinction Trial 15 23 1.55 .14 
 Extinction Trial 16 23 3.19 .004* 
 Extinction Trial 17 23 3.02 .01* 
 Extinction Trial 18 23 2.55 .02* 
 Extinction Trial 19 23 3.62 .001* 
 Extinction Trial 20 23 2.76 .01* 
 Extinction Trial 21 23 2.69 .01* 
 Extinction Trial 22 23 2.45 .02* 
 Extinction Trial 23 23 2.99 .01* 
 Extinction Trial 24 23 4.16 < .001* 
Note. P-values with an * are significant at the p < .05 level. 
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Table 15 
Preference-scale Means and Standard Deviations for Pre-acquisition and Post-extinction Trials 
Trial Phase Mean (SD) 
1 Pre-acquisition -16.96 (76.92) 
2 Pre-acquisition -16.57 (75.59) 
1 Post-extinction 57.00 (37.25) 
2 Post-extinction 51.54 (45.18) 
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Figure 1. Mean rating-scale values for the good CS (represented by squares) and the bad CS 
(represented by circles), as a function of trials within the pre-acquisition, acquisition (1-6), 
extinction (7-12), and post-extinction procedures of our pilot experiment. Open symbols 
represent mean rating-scale values during pre-acquisition and post-extinction phases; closed 
symbols represent mean rating-scale values during acquisition and extinction phases. The 
function break between trials six and seven represents the transition from the acquisition 
procedure to the extinction procedure.  
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Figure 2. Schematic diagram of the order and temporal occurrence of stimuli presented during 
each acquisition trial. Values in Column 1 indicate elapsed time for the entire (continued)  
Elapsed 
Time 
 Stimuli Presented to  
All Participants 
 Stimuli Presented to the 
Rating-Scale group 
 Stimuli Presented to the  
Rating and Preference-
Scale Group 
       
0 s  Simultaneous CS 
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Diamond and Triangle 
   Preference Scale (7 s) 
     
  Single CS presentation 
(12s) 
 Rating Scale (7 s)  Rating Scale (7 s) 
    
   Diamond or Triangle     
15 s  
 
 
 
 
      
  US eating prompt (15 s)  
30 s  
 
 
    
  US swallow prompt (1 s)  
    
45 s  Bread eating prompt (6 s) 
 
 
    
  Bread swallow prompt (1 s)  
    
  Bread and water leisure 
prompt (14 s) 
 
        
56 s  
 
 
Bell chime (200 ms) 
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(continued) trial. Column 2 displays the stimulus events presented to all participants at each 
point in the trial. Column 3 displays those stimulus events that were presented to participants in 
the rating-scale group, simultaneous to the events presented in Column 2. Column 4 displays 
those stimulus events that were presented to participants in the rating and preference-scale group, 
simultaneous to the events presented in Column 2.  
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Figure 3. Schematic diagram of the order and temporal occurrence of stimuli presented during 
each extinction trial. Values in Column 1 indicate elapsed time for the entire (continued)   
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(continued) trial. Column 2 displays the stimulus events presented to all participants at each 
point in the trial. Column 3 displays those stimulus events that were presented to participants in 
the rating-scale group, simultaneous to the events presented in Column 2. Column 4 displays 
those stimulus events that were presented to participants in the rating and preference-scale group, 
simultaneous to the events presented in Column 2.  
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Figure 4. Mean rating-scale values for all participants for the good CS (represented by squares) 
and the bad CS (represented by circles) as a function of trials within pre-acquisition, acquisition 
(1-6), extinction (7-12), and post-extinction procedures. Open symbols represent mean rating-
scale values during pre-acquisition and post-extinction phases; closed symbols represent mean 
rating-scale values during acquisition and extinction phases. The function break between trials 
six and seven represents the transition from the acquisition procedure to the extinction procedure. 
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Figure 5. Mean trial-by-trial preference-scale values for participants in the rating-scale and  
preference-scale group during pre-acquisition, acquisition (1-12), extinction (13-24), and post-
extinction procedures. Open squares represent mean preference-scale values during pre-
acquisition and post-extinction; closed squares represent mean preference-scale values during 
acquisition and extinction. The break between trials 12 and 13 represents the transition from the 
acquisition procedure to the extinction procedure. 
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Appendix A 
Tables Displaying Statistical Outcomes of Pilot Data Analysis 
Table A1 
 Results of Three ANOVAs of Acquisition and Extinction Pilot Rating-scale Data 
Note. P-values with an * are significant at the p < .05 level. 
 
ANOVA Source df MS F-value p-value 
 
Omnibus Valence (Good, Bad) 1 717042.13 50.27 < .001*  
 Valence x Error 16 14265.34    
       
 Phase (Acquisition, Extinction) 1 4444.79 2.22 .16  
 Phase x Error 16 2003.74    
       
 Trial (1-6)  3.08 1866.00 3.40 .02*  
 Trial x Error 49.24 548.10    
       
 Valence x Phase 1 26540.77 10.96 .004*  
 Valence x Phase x Error 16 2422.48    
       
 Valence x Trial  3.53 5152.34 7.19 < .001*  
 Valence x Trial x Error 56.55 716.67    
       
 Phase x Trial 3.19 3479.34 4.43 .01*  
 Phase x Trial x Error 50.98 785.80    
       
 Valence x Phase x Trial  2.68 22071.98 19.26 < .001*  
 Valence x Phase x Trial x Error 42.87 1145.81    
       
Acquisition  Valence 1 233839.11 43.75 < .001*  
 Valence x Error 16 5345.56    
       
 Trial 3.07 5297.93 5.14 .003*  
 Trial x Error 49.15 1030.67    
       
 Valence x Trial  2.98 23115.25 20.52 < .001*  
 Valence x Trial x Error 47.64 1126.52    
       
Extinction Valence 1 509743.78 44.94 < .001*  
 Valence x Error 16 11342.26    
       
 Valence x Trial 2.39 3566.72 3.79 .03*  
 Valence x Trial x Error 38.22 941.35    
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Table A2 
Degrees of Freedom, t-values, and p-values of Significant t-tests for Pilot Rating-Scale Data  
Trial Trial df t-value p-value 
Bad CS Acquisition Trial 6  Bad CS Post-extinction Trial 1 16 -2.63 .02 
Bad CS Acquisition Trial 6 Bad CS Post-extinction Trial 2 16 -2.03 .06 
Bad CS Extinction Trial 1 Bad CS Extinction Trial 5 16 -2.17 .05 
Bad CS Extinction Trial 1 Bad CS Extinction Trial 6 16 -2.59 .02 
Bad CS Extinction Trial 1 Bad CS Post-extinction Trial 1 16 -3.14 .01 
Bad CS Extinction Trial 1 Bad CS Post-extinction Trial 2 16 -2.75 .01 
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Appendix B 
Rating-Scale Instructions 
Welcome to the experiment. 
Please follow these instructions: 
You will see an image of a shape with a rating scale underneath it. 
The scale ranges from -100 to 100. -100 means “very much dislike.” 100 means                                     
“very much like.” The 0 point in the middle means neutral or that you don’t really like OR  
dislike the shape. 
Rate how much you LIKE the image on the rating scale by dragging the cursor to the area on the      
scale that corresponds with your rating and CLICK the mouse. 
Always go with your first instinct when rating the shape. 
Your first click will be the response that is recorded. 
After you have clicked the mouse, wait for the next shape to appear. 
Follow all of the instructions presented to you on the laptop screen. 
You will see a completion message when you have completed this portion of the experiment.  
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Appendix C 
Rating-Scale Figure 
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Appendix D 
Preference-Scale Instructions 
Welcome to the experiment. 
Please follow these instructions: 
You will see an image of two shapes with a preference scale underneath it. 
The scale ranges from “Completely Prefer the Diamond” to “Completely Prefer the Triangle”.             
The point in the middle means “No Preference” or that you don’t really prefer one shape over the     
other. 
Rate your PREFERENCE on the scale by dragging the cursor to the area on the scale that      
corresponds with your preference and CLICK the mouse. 
Always go with your first instinct, when rating the shape. 
Your first click will be the response that is recorded. 
After you have clicked the mouse wait for the next set of shapes to appear. 
Follow all of the instructions presented to you on the laptop screen. 
You will see a completion message when you have completed this portion of the experiment.  
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Appendix E 
Preference-Scale Figure 
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Appendix F 
Evaluative Conditioning Acquisition and Extinction Instructions 
The following are the instructions presented at beginning, regarding the overall procedure. 
 
Welcome to the experiment. 
Please follow all of the instructions presented to you on the laptop screen. 
Only eat or drink when instructed to. 
Make sure you select the correct cookie. 
Eat all 12 cookies. 
Pay attention to the laptop screen for the entire procedure. 
Always look at the shapes. 
When rating shapes, always go with your first instinct. 
Once you have eaten all of the cookies keep paying attention to the laptop screen and follow all 
instructions. 
You will see a completion message when you have finished this part of the experiment. 
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Appendix G 
Tables Displaying Results of Omnibus ANOVAs for Rating-scale Data 
Table G1 
Results of the Omnibus ANOVA for Acquisition and Extinction Rating-scale Data 
Note. P-values with an * are significant at the p < .05 level. 
 
 
Source df MS F-value p-value 
 
Group (Rating scale, Rating and 
Preference scale) 
1 9541.22 0.97 .33 .02 
Error 46 9843.23    
      
Valence (Good, Bad) 1 2083225.58 190.74 < .001* .81 
Valence x Group 1 2723.14 0.25 .62 .01 
Valence x Error 46 10921.92    
      
Phase (Acquisition, Extinction) 1 25097.56 22.39 < .001* .33 
Phase x Group 1 1558.73 1.39 .24 .03 
Phase x Error 46 1121.03    
      
Trial (1-6) 4.07 4615.59 4.37 .002* .09 
Trial x Group 4.07 1078.85 1.02 .40 .02 
Trial x Error 187.15 1057.24    
      
Valence x Phase 1 28381.08 7.60 .01* .14 
Valence x Phase x Group 1 1347.82 0.36 .55 .01 
Valence x Phase x Error 46 3739.33    
      
Valence x Trial 3.49 19190.80 13.18 < .001* .22 
Valence x Trial x Group 3.49 1137.06 0.78 .52 .02 
Valence x Trial x Error 160.36 1455.94    
      
Phase x Trial 3.78 10824.13 8.42 < .001* .16 
Phase x Trial x Group 3.78 2074.94 1.62 .18 .03 
Phase x Trial x Error 173.88 1285.05    
      
Valence x Phase x Trial 2.54 88202.18 26.67 < .001* .37 
Valence x Phase x Trial x Group 2.54 621.77 0.19 .88 .004 
Valence x Phase x Trial x Error 116.65 3307.69    
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Table G2 
Results of the Omnibus ANOVA for Pre-acquisition and Post-extinction Rating-scale Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Note. P-values with an * are significant at the p < .05 level. 
 
 
 
Source df 
 
MS F-value p-value 
 
Group (Rating scale, Rating and 
Preference scale) 
1 110.42 0.03 .87  .001 
Error 46 4210.61    
      
Valence (Good, Bad) 1 149063.83 42.37 < .001* .48 
Valence x Group 1 1.16 0.000 .99 < .001 
Valence x Error 46 3518.15    
      
Phase (Acquisition, Extinction) 1 24227.03 12.78 .001* .22 
Phase x Group 1 1542.61 0.81 .37 .02 
Phase x Error 46 1895.25    
      
Trial (1-2) 1 237.68 0.57 .46 .01 
Trial x Group 1 29.16 0.07 .79 .002 
Trial x Error 46 418.63    
      
Valence x Phase 1 178121.36 51.62 < .001* .53 
Valence x Phase x Group 1 2680.95 0.78 .38 .02 
Valence x Phase x Error 46 3450.34    
      
Valence x Trial 1 312.09 0.45 .51 .01 
Valence x Trial x Group 1 1627.90 2.35 .13 .05 
Valence x Trial x Error 46 691.83    
      
Phase x Trial 1 59.72 0.23 .63 .01 
Phase x Trial x Group 1 625.04 2.41 .13 .05 
Phase x Trial x Error 46 259.53    
      
Valence x Phase x Trial 1 147.20 0.35 .56 .01 
Valence x Phase x Trial x Group 1 6.61 0.02 .90 < .001 
Valence x Phase x Trial x Error 46 424.19    
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Appendix H 
Individual participant rating-scale data for participants in the rating-scale group for the good 
CS (represented by squares) and the bad CS (represented by circles) as a function of trials 
within pre-acquisition, acquisition (1-6), extinction (7-12), and post-extinction procedures. Open 
symbols represent mean rating-scale values during pre-acquisition and post-extinction phases; 
closed symbols represent mean rating-scale values during acquisition and extinction phases. The 
function break between trials six and seven represents the transition from the acquisition 
procedure to the extinction procedure. Participant numbers are noted on each graph (e.g. P R1, 
Participant Rating-Scale Group 1) (continued) 
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Appendix I 
Individual participant rating-scale data for participants in the preference and rating-scale group 
for the good CS (represented by squares) and the bad CS (represented by circles) as a function 
of trials within pre-acquisition, acquisition (1-6), extinction (7-12), and post-extinction 
procedures. Open symbols represent mean rating-scale values during pre-acquisition and post-
extinction phases; closed symbols represent mean rating-scale values during acquisition and 
extinction phases. The function break between trials six and seven represents the transition from 
the acquisition procedure to the extinction procedure. Participant numbers are noted on each 
graph (e.g. P PR1, Participant Preference and Rating-Scale Group 1) (continued) 
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Appendix J 
Individual participant preference-scale data for participants in the preference and rating-scale 
group during pre-acquisition, acquisition (1-12), extinction (13-24), and post-extinction 
procedures. Open squares represent mean preference-scale values during pre-acquisition and 
post-extinction; closed squares represent mean preference-scale values during acquisition and 
extinction. The break between trials 12 and 13 represents the transition from the acquisition 
procedure to the extinction procedure. Participant numbers are noted on each graph (e.g. P 
PR1, Participant Preference and Rating-Scale Group 1) (continued) 
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